! 
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Choosing a Plastic. No. 1. 





LONG LIFE 


Elephants are commonly supposed to live to a very great 
age, although records of Menagerie and Military animals 
show that 30 to 40 years is a normal limit. 


Be that as it may, it is an interesting thought that when 
you design a product in one of the Erinoid group of 
Plastics the potential life of the material is greater than a 
dozen generations of the Elephant family. In fact, unlike 
metals and wood, there is no known “longevity limit.” 





One of the oldest names tn the llastics Industry 


ERINOID LIMITED CUGMTPLLL MELE. STROVUS, Gios. 
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If you have any plastics or moulding problems directly connected 
with the war effort, we shall be pleased to make available to you our 
experience and technical facilities. 

We first produced plastic mouldings more than thirty years ago. 
To-day our pressure moulding shops are fully occupied on essential 
work in thermo-plastic and thermo-setting materials. 





CALLENDER’S CABLE & CONSTRUCTION CO. LTD. HAMILTON HOUSE, VICTORIA EMBANKMENT, LONDOCN, E.C.4 
All over the World 
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THE NEW IMPROVED HIGH-DUTY WOOD 


HIGHER SHEAR VALUES - GREATER 
HOMOGENEITY - CLOSER CONTROL OF DENSITY 




















——S ——_._ Loose pack of coated 
— a veneers. 







































































=== _—s—s After 1st pressure to 
60 Ib./cu. foot. 


After 2nd pressure to 
| 82 Ib./cu. foot. 
» ¢ HIGH DENSITY 
HYDULIGNUM. 


The Hydulignum process of two-way compression has been 
developed after long research on the further improvement of 
plastic-bonded woods. First the plastic-coated veneers are 
compressed to a density of approx. 60 lb./cu. ft. in the usual 
way. Then comes the second . . . the edgewise pressure 
which raises the density to as much as 82 lb./cu. ft. And the 
result! . . . a new material offering all the advantages 
enumerated above . . . a material which, in its successful 
application to the manufacture of propeller blades for 
high-performance aircraft, has proved by hard, practical test 
its significant potentialities in the future of industry. 



































































































































HORDERN-RICHMOND AIRCRAFT LTD. 


al ORIGINATORS OF HYDULIGNUM PROPELLER BLADES 


l STATIC BALANCE UNIT : CRISTOFIN BLADE COVERING 
E.C4 «( a 
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LACKSTONE 





View of Cape Town and Table Mountain 


SOUTH AFRICA 


South Africa, land of the sun, with its gold and diamond mines, 
its agriculture, its fruit-growing fields and its many other 
industries, depends in hundreds of cases for its power on 
Blackstone engines. In factories and on farms, often in con- 
ditions which test even the most robust, Blackstone’s totally- 
* ‘enclosed engines stand up to their very strenuous duties. 


BLACKSTONE AND CO. LTD. - STAMFORD + ENGLAND 
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SELF-LUBRICATING 
BRONZE BEARINGS 


“‘Oilite * reduces bearing failures to a minimum wherever it is applied to suitable, 
components. The lubricant content is ample to cope with variations in speed and load 
over a considerable range, and will do this continuously during the life of the component, 
whilst, where necessary, additional lubrication can be readily embodied in the design 
without difficulty. The accuracy of finished dimensions and limits is equal to that of the 
highest grade machined bearings, thus making for ease of assembly and fitting. As an 
alternative to force fitting, “ Oilite” Beazings can be incorporated in Plastic Moulding 
during Moulding, but will require imp-egnating with Oil after processing. 





THE MANGANESE BRONZE &® BRASS COY. LTD 


HANDFEFORD WORKS, IPSWICH TELEPHON 


TELEGRAMS 
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“* It happened one day I was 
exceedingly surprised with the print of 
a man’s naked foot on the shore 

which was very plain to be seen in the 


sand. I stood like one thunderstruck, 


| i 


or as if I had seen an apparition!” DANIEL DEFOE 





Are you trying to solve a new kind of problem (you don’t know quite what) 
by which your ideas for your product may be improved, or perhaps simplified, 
or even lowered in cost? Don’t you wish that, like Crusoe, you could meet 
with some “ exceeding surprise”? That like him you could see an imprint — 
not of a man’s naked foot, but one which may solve your difficulty, as it may 
do, in the five-letter word — PAPER? 


Wiggins Teape Paper Mills specialize in those | organisation. The greater the scientific re- 





classes of industrial papers with a high quality 
and purity standard of furnish, demanding the 
highest precision in manufacture — to formula, 
weight, strength and fitness for purpose. 
Enquiries from the development and labora- 
tory staffs of other industries are gladly 
welcomed by the laboratories of this great 








BR: 


quirements and precision of any new paper 
you require, the more amazing you will find 
the knowledge possessed by us of the 
functions which THE USE OF THE MULTI- 
TUDE OF DIFFERENT CELLULOSE 
FIBRES can be made to satisfy in your 
own industry. 





“a 














WIGGINS TEAPE & ALEX PIRIE (SALES) LIMITED, ALDGATE HOUSE, MANSELL STREET, LONDON, E.1. 


MANUFACTURERS OF BODY PAPERS FOR PLASTIC LAMINATED MATERIAL AND SHOCK-PROOF 
MOULDING POWDERS, PREPARED TRACING PAPERS, DYELINE, FERRO-PRUSSIATE PHOTO- 
GRAPHIC, ABRASIVE AND SOCKING PAPERS. DRAWING CARTRIDGE AND NATURAL TRACING 
PAPER, WAXING CARTRIDGE, INSULATING PAPER, GREASEPROOF, GLASSINE AND PAPERS FOR 
OTHER INDUSTRIAL REQUIREMENTS. 





e-—.cUhcr 
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WE DESIGNED 
THE FLUROLIER co, 


We designed the Flurolier to provide the best 
available unit for use with fluorescent tubular lamps 
in accordance with Benjamin practice. We made 
it easy to erect on either chain or conduit with 
no weight to support when connecting the leads, 
we made the reflector detachable without disturbing 
the wiring, we included covers for the ends of the 
lamps and made it of heavy gauge metal. The 
enamel is the result of many laboratory tests. The 
Flurolier is the finest fluorescent tubular lighting unit. 


ENZAMIN LIGHTING 


FLUORESCENT — DISCHARGE — FILAMENT 


The Benjamin Electric Ltd., Brantwood Works, Tottenham, London, N.1I7 
Telegrams: ‘“‘Benjalect, Southtot, London”’ Telephone: Tottenham 5252 (5 sie 
see 
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One of the reasons why the BEKEN « Duplex” 
Mixer is so much more efficient is the design 
of the paddles. As will be seen from the 
illustration, mixing is done between the inter- 
meshing blades and not between the blades 
and the pan. No other method of operation 
can secure sucha homogeneous mix . . . and it 
is attained with the minimum time and at low 
power cost. There is a model to suit any size 
batches . . . write for illustrated catalogue. 


bison? LAWINO (LONDON) LTD. «0: 


103, KINGSWAY, LONDON.W.C.2. 


vores? EsHUNT&CO..LTD. 


RIPPLE ROAD, BARKING, ESSEX. 





A Peep at the lomorrow of Peacelime 





SATURDAY AFTERNOON SOCCER 


Fifty thousand, if there’s one, rising tier on tier, and every 
one of em partisan to his finger-tips. The Spurs v. Hudders- 
field—or is it North End against Blackpool? Every man on 
the field a hero—except the ref., whose arbitrary duty is all 
against his being anybody’s friend. 


Soon these weekly titanic tussles will resume, to the delight 
of the thousands who are as appreciative of fine performance 
by their favourite clubs as by their favourite Ensign Lamps. 


‘ ' Meantime, we keenly appreciate the courtesy and under- 

4 * 8 hy standing implied by the consistent support of our many trade 

‘ : friends. We are proud to continue in Service, and, subject 

ed only to National requirements, will strive to maintain normal 
peace-time a 


\ en si6NZ,, 


hese) ) / ENSIGN LAMPS LTD., Kent Street Works, PRESTON 


\ \ alae Also at London, Birmingham, Manchester, Glasgow, Cardiff, Leeds and Belfast 
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JABLO PROPELLERS 


LIMITED MOULDED COMPONENTS (JABLO) LTC 
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FULLY AUTOMATIC 
INJECTION MOULDING MACHINES 


OUTSTANDING FEATURES 


rame construction provides unsurpassed rigidity 


Vertical arrangement of injection pump saves floor space and 
makes rear mould easily accessible. 


Central mould adjustment by crank handle, worm and worm- 
wheel drive supporting the mould plate in its centre, thus 
preventing flash. 


Pressure reducing and flow control valves provide extreme 
versatility for handling most varied materials. 


Toggle levers with steel cam faces take the entire force of the 
injection. Cam faces lubricated automatically. 


No loose connections or tie bars requiring to be tightened. 
Standard capacities 2 oz. to 22 oz. per shot. 


Sole British Representatives 
DOWDING & DOLL LTD. 


3 THE GREEN, WIMBLEDON COMMON, LONDON, S.W.19 
Telephone: Wimbledon 5395/7 Telegrams: Accuratool, Wimble, London 
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PAPERS FOR 
THE PLASTICS 
INDUSTRY 








HEAD OFFICE: 19 NEW BRIDGE ST., LONDON, E.C.4 


BRANCHES: 
BIRMINGHAM 3... . 74 Church Street LEEDS ‘ ‘ 31 York Pl 
poe tld B bas is 3 a 7 LEICESTER “ R 1 Marble erent 
a Westgate Street HESTER 2 11 L Mosley S 
GLASGOW C.i 62 North Frederick Street NEWCASTL ‘oye unaaer Gasete 


SHEFFIELD ae ge pot Street 








NOVEMBER, 1943 PLASTICS . xi 









Send us your enquiries. A 
Technical Representative 
will be pleased to call and 
discuss mouldings with you. 


lloulded egduats 


The mouldings 
illustrated are by 
courtesy of 
George Kent Ltd., 
Luton. 








LIMITED 








sia CHESTER ROAD TYBURN -- BIRMINGHAM 
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.. Yel the results are simph, perfect 


To operate the GARDNER Patent ‘‘Quick-Change”’ Fine Powder 
Dresser is the simplest thing in the world. Just put the powders in 
the automatic feed, fill the sprayer and start up. Ina few minutes, 
your perfectly blended powder is being delivered evenly tinted and 
tree from impurities. A change-over for an entirely different mix can 
be effected in the few seconds it takes to clean and change the 
screens. And the machine will—like all GARDNER Plant—go on 
working year in, year out, without repairs and giving the same 
perfect service always. Write for details of this and our other 
machines for the plastics industry. 


. 
GARDN ERS cute ctinc 
FINE POWDER DRESSER 


WM. GARDNER & SONS (GLOUCESTER) LTD., BRISTOL ROAD, GLOUCESTER. 


Telephone : 2288 (3 lines). Telegrams : ‘‘Gardner, Gloucester.” 
LONDON: 19, Gray's Inn Chambers, 20, High Holborn, W.C.1. Telephone: Chancery 7347 
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m NOTE THIS SYMBOL OF 
as THE SERVICE BEHIND— 


‘6 CELLOBOND ” Thermohardening and Thermo- 
plastic Adhesives for general and specific purposes. 


66 CELLOMOLD ” Cellulose Acetate Compression 
and Injection Moulding Powders. 


6 CHLOROVENE” Polyvinyl Chloride Materials 


for Cable Sleevings and Insulations, Extrusions, etc., etc. 


‘6 EPOK ” Phenolic and Cresylic Synthetic Resins 
and Solutions. 


S©6ROCKITE” Phenolic and Cresylic Moulding 
Powders, Resins, Extruded Sections. 





F. A. HUGHES & CO., LTD. 
sTER. 


cester.” ABBEY HOUSE, BAKER STREET, LONDON, N.W.1. 
ae: Phone : Welbeck 2332-6 (5 lines). Grams : Distancing, Norwest, London. 








TAS/HU.40 











niv PLASTICS NOVEMBER, 1943 





“How to make 
PAPER 


do INOW wotk 
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ee an appointment with a 
Paragon Representative and let 
him show you how so many of Britain’s 
greatest war plants are getting through 
peak loads of form typing with reduced 
staffs, but minimum fatigue. 

Send Id. stamp for ‘Continuous ”’ Booklet. 
PARAGON FANFOLD 
CONTINUOUS FORMS 


One-piece high-speed con- 
tinuous forms folded alter- 





nate right and left edges, 
ensuring perfect ‘ register’ 
between all parts. Related 
forms remain attached. 
| Quickest possible sorting 
of completed forms. 


PARAGON  INTERFOLD 
CONTINUOUS FORMS 
Continuous high-speed 
multiple strips of torms 
with the necessary copies 
folded in correct order and 
alignment. Each ‘ part’ may 
be of a different colour 
of paper. 














PARAGON INTERLEAVED 
CONT'INUOUS FORMS 
Continuous high-speed 
multiple strips of torms 
ready interleaved with 
“one-time ’’ carbon for 
use on tabulating machines, 
teleprinters, etc. Margin- 
ally punched for use with 
our patented ‘ Formaliner.’ 





PARAGON PARABAR 
CONTINUOUS FORMS 
Continuous high-speed 
forms for use on any stand- 
ard typewriter, by means 
of our simple attachment, 
which does not interfere 
with the use of other forms 
on the machine. 


LW Oa 


PLANNERS AND PRINTERS OF BUSINESS FORMS AND BOOKS 














LAMSON PARAGON SUPPLY CO LTD + “A Ministry of 
PARAG ON Ebo 


Co-erdination” + PA WORKS, LO 
QUEENS HOUSE, 28 KINGSWAY WC2 + BRANCH OFFICES 
eB Ly a gata ae ° Lg ° * S$ 


OOL NCH NEWCASTL é 
ASSOCIATED. COMPANIES THROUGH OUT THE EMPIRE 
ID THE USA * REPRESENTATIVES EVERYWHERE 


TAS/LP 33 




















CELLULOSE ACETATE 


CELLULOSE 
ACETATE SHEETING 


CELLULOSE ACETATE 
FILM 


COURTAULDS 


Foleshill Rd., Coventry. Tel.: Coventry 88771 








depend upon 


INSULATION 


TENAPLAS 


EXTRUDED PLASTICS 


tn every Hight + 


TENAPLAS LTD., 7 PARK LANE, LONDON, W 
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THE LATEST IN LIGHTING is obtainea by consult- 


ing the Crompton Lighting Service and using 





Crompton Lamps. Crompton planning has defeated 


visual strain in hundreds of works and Offices. 


CROMPTON LAMPS 


FOR CORRECT LIGHTING ~ 
TUNGSTEN... FLUORESCENT... DISCHARGE... 





Telephone : Temple Bar 5911 Telegrams : Crompark, Estrand, London 
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A HUNDRED years ago there died a 
man whose invention rendered the 
British independent of their climate! 
By this signal service to humanity, 
Mr. Charles Macintosh earned for 
himself a very special kind of im- 
mortality. His name has become 
part of our language. 


Early in this century, another 


important man, Dr. Leo Hendrick 
Baekeland, gave his name to a 
material invented by him, and 
‘ Bakelite’ began the career which 
was to bring it into common use in 
a million homes. 

Bakelite has long been associated 
in the minds of most people (often 
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quite erroneously!) with a vast 
number of household articles, but 
its wider value as a vital feature of 
industrial production is only now 
becoming fully realised. To-day 
Bakelite Plastics are playing an in- 
creasingly important part in wartime 
industry, with results which will be 
widely reflected in post-war uses. 
Bakelite Limited, anticipating the 
future, are making a close study of 
possible post-war trends. Their 
industrial designers will be glad to 
help manufacturers who feel that 
Plastics may help them to meet the 
new conditions and developments 
of post-war years. 


«BAKELITE LIMITED, 18 GROSVENOR GARDENS, LONDON, S.W.I 


TREFOIL 


BAKELITE PLASTICS 


REGD. TRADE MARKS 


Pioneers in the Plastics World 


G18 
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SAVE PAPER 


: More thanever is paper waste required for our war : 
: industries. Waste paper makes munitions in a : 
: hundred forms—from shell cases to aeroplane parts. : 





: The fact that goods made of raw materials in : 
: short supply because of war conditions are : 
: advertised in this journal should not be taken as } 
: an indication that they are necessarily available : 
: for export. : 
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Specific Gravity and Housing 


breed paramount problem of rapid house 
construction has brought forth many 
new ideas to our industry, some of which 
are in process of formulation. A new and 
interesting angle is put forward by Mr. 
R. V. Boughton, a building technician, 
in a recent letter in ‘‘ The Daily Tele- 
graph ”’ and merits close attention. 

““One of my many duties in regard 
to post-war housing caused me to make 
certain analyses which brought out the 
following exceptionally interesting data: 
The ordinary type of small pre-war six- 
roomed semi-detached house, brick-built 
with tiled roof, contains about 53,000 bits 
and pieces (concrete and other wet- 
mixed materials not included in this 
53,000) and weighs about 125 tons to 
house five or six tons of humans, furni- 
ture, etc. 

‘“‘ There is no question whatever of the 
fact that new methods of building con- 
struction, including the use of many new 
materials, and the work of the factories 
with their machines, can provide strong 
well-built, dry and economical houses, 
perfectly insulated against temperatures 
and sound, which will weigh not 125 tons 
but about 40 tons. 

‘These new methods and materials 
will ensure the utmost speed in the pro- 
vision of housing at a cost much less 
than traditional methods, and, what is of 
vital importance, will make it almost 
impossible for this country again to suffer 
from the curses of jerry-building. There 
is also a considerable difference in cost 
between transporting 125 tons and 40 
tons of building materials.’’ 

This analysis is most interesting, and 
we believe it to be the first dealing with 
sheer weight and specific gravity, and 
the necessity to keep it low with due 
regard to strength. It would be most 
interesting of Mr. Boughton could con- 
tinue his analysis by the addition of cal- 
culations on a 16th century timbered 





house of similar volume to his 125-ton 
brick and concrete house, for not only is 
it of wood, but the walls (of horse-hair 
and plaster) and the roof (if of thatch) 
are cellular in structure, low in specific 
gravity, give warmth in winter, cool- 
ness in summer and are almost entirely 
soundproof. 

There may thereby be obtained an 
additional argument and a useful guide 
for the introduction of those new 
materials (we presume he includes lamin- 
ated or moulded plastics and possibie 
insulating sheets and structures derived 
from plastics) to which he refers. 

While the problem of plastics in 
industry has already been discussed by 
some few building experts, with the result 
that it is considered that laminated resin 
bonded materials have a _ considerable 
future before them as high-strength struc- 
tural materials, yet when the question of 
weight is examined we must surely be 
confronted with the necessity of examin- 
ing the roof—in other words the problem 
of the clay versus the plastic tile—one 
which we approached some years ago in 
this journal. Here strength is of no great 
importance. Indeed, most plastic tiles 
would probably have a greater cross-break 
strength and impact strength than either 
clay or concrete tiles. 

If low weight is desirable or acceptable 
(we suppose that the roof must not blow 
off in a high wind) then we are presented 
immediately with a very illuminating 
example. 

If we consider a small house with a 
floor space of, say, 15 ft. by 20 ft., we 
have a roof area of roughly 400 sq. ft. 
If we consider the 10-in. by 6-in. by 4-in. 
tile which is so common, then with a 33 
per cent. overlap we shall need about 
1,400 tiles to cover the roof. 

Since the clay or concrete tile weighs 
about 23 lb., we have thus a total weight 
of 3,500 lb. But 1,400 plastic tiles of 
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exactly the same size would be roughly 
half the weight; but if, as we contend, a 
plastic tile of half the above thickness 
(that is } in.) would be sufficiently strong, 
then 1,400 plastic tiles would weigh only 
about 875 lb. 

At this point we need not go into the 
other advantages or the disadvantages of 
plastic tiles or the type of material (which 
does not exclude a new type of plywood) 
we might wish to suggest for them. But 
it would be interesting to obtain a 
builder’s opinion as to whether this 
diminution in weight would have any 
considerable effect in reducing the weight 
and strength of the structures, cross- 
members, etc., erected to support the 
roof. 


Petroleum and Plastics 


OME 24 years ago, to our pleasure and 

to our profit, we entered the petroleum 
industry as a chemical technologist. It 
was in one sense a time of gloom for that 
industry, for from all sides we newcomers 
were told of the end of petroleum—the 
exhaustion, in view of the increasing con- 
sumption, of the oil wells of the world 
within the lifetime of their hearers. 
Thirty to fifty years were the limits vari- 
ously given. The increasing use of fuel 
by land-boilers, by ships, by aircraft 
and by the ever-growing automobile 
industry, the relatively small increase in 
new wells, the running to salt water of 
famous ones that were almost old friends 
—all seemed to give colour to these 
prophesies. Even Governments reacted, 
and orders were given to conserve oil and 
to prevent wastage of gas, or seepages and 
refinery losses throughout the world. 

The nearest of those prophets’ estimates 
is only six years away, the farthest 26 
years. Is either anywhere near the truth? 
Various forces are acting in diametrically 
opposite directions. Careful control of 
losses is practised everywhere, but Lan- 
casters and Fortresses and Messerschmitts 
and submarines are blowing to smither- 
eens a goodly part of what is produced; 
the geologists of the world are seeking 
and finding new wells, but the consump- 
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tion is ever on the increase and in peace- 
time, with the industrialization of new 
areas like India and China, will increase 
at a greater rate than ever. Cracking 
has increased the volume of available 
fuels greatly, but cracking has introduced 
the production of individual gases and 
has thereby created new materials for use 
other than fuel. 

The United States of America has 
hitched her chemical wagon to the petro- 
leum star, and what a scintillating star 
it is! Within the last 20 years there has 
grown up a new synthetic chemical indus- 
try, and, of course, a new plastics industry 
from petroleum. Solvents, refrigerants, 
plasticizers, fire-extinguishing chemicals, 
anti-knock compounds,  fruit-ripening 
chemicals, plastics, insecticides, explos- 
ives, anti-freeze, waterproofing agents, 
pharmaceutical and dyestuff intermedi- 
ates, emulsifying agents, flavouring 
essences and synthetic rubber are being 
produced, and if we include benzene, 
which is now being made, the whole 
range of aniline and other dyestuffs 
derived therefrom is now possible. What 
a formidable list this is! 

If we consider synthetic rubber, of 
which over half a million tons have been 
made in the U.S.A. in the first two years 
of working, we can imagine the quantity 
of petroleum used for making one raw 
material in one country alone. 

How long can the petroleum deposits 
of the world stand this strain, which is 
increasing with every passing year? 

We ourselves are, in a smaller way, 
taking part in this advance, and for the 
sake of our economic and technical struc- 
ture it is important to do so. But we 
must never forget that in coal we have 
enormous, almost inexhaustible deposits 
here to build up our new large molecules. 

Perhaps if the world is sufficiently far- 
sighted it will also never forget that it 
has certain natural large molecules in the 
form of cotton, wood, shellac, wool and 
perhaps sugar and starch, which are truly 
inexhaustible and which will never fail 
the plastics industry if they are not 
allowed to disappear from the face of the 
earth. 
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Plastic Glues 
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and Cements 


By D. WARBURTON BROWN, A.M.LA.E. 


World wide interest has been created 
in these new materials for plywood 
and other construction. The author 
gives some practical hints for their use. 


LUES and cements have been known 

and used for many centuries, but in 
spite of this, it is only within the last 
few years that there has been a scientific 
approach to the subject. Much research 
and development work has been carried 
out and a great deal of knowledge has 
been gained which helps to clarify the 
phenomenon of adhesion. 

It was thought at one time that the 
adhesive action of cements was due to 
mechanical interlocking between the glue 
and the two joint surfaces. It has been 
shown, however, that whilst such 
mechanical bonding does _ contribute 
somewhat to the strength of a joint the 
main factor is the presence of cohesive 
forces between the cement and the joint 
faces. It is possible to cement together 
firmly two sheets of polished glass, where 
obviously the mechanical interlocking is 
negligible. Because all substances do not 
exert these cohesive forces not every 
material can be used successfully as a 
cement. 

Because of the more comprehensive 
understanding of the nature of adhesion 
it is now possible to make cemented joints 
whose strength is very satisfactory. This 
is not only due to increased knowledge, 
but also to the fact that a new range of 
cements became available with the advent 
of plastics. 

Before the introduction of plastic glues, 
cements were obtained from either animal 
or vegetable sources, and whilst reason- 
ably strong joints could be made with 
these adhesives, they were subject to 
several serious disadvantages. Of these, 
the chief was that they were not weather- 
proof, and changes in atmospheric 
humidity would seriously influence the 


strength of the joint. These early cements 
were also liable to attack by fungi, which 
caused a gradual deterioration of the 
joint. 

The glues and cements based on 
plastics, however, overcome these disad- 
vantages and are in many ways superior 
to the early glues. The chief advantages 
which can be claimed for the plastic or 
synthetic adhesive are given below :— 

(1) Resistance to water. 
(2) Resistance to fungi. 
(3) Economy. 

(4) High joint strength. 
(5) Rapid setting. 

(6) Non-staining. 

The fact that plastic cements are made 
by synthesis, also enables a far greater 
degree of control to be exercised in their 
manufacture than was possible in the 
case of animal and vegetable glues. 


Crazing 

The earlier plastic cements were not, 
however, without their drawbacks, and 
of these the chief was that unless very 
thin layers of glue and even pressure 
during setting were possible, the cements 
were liable to ‘‘ craze’’ or crack some 
time after the joint had been made. This 
deterioration of the cement was obviously 
reflected in the strength of the joint, and 
in many cases would lead to complete 
failure, especially if vibrating loads were 
encountered. 

As it was not always possible to guar- 
antee a perfectly uniform glue film and 
even pressures in production, the question 
of ‘‘ crazing ’’ received a considerable 
amount of attention. One of the first 
methods of overcoming crazing was 
devised by the German aircraft designer 
Klemm, who obtained satisfactory results 
in ‘‘ wide-gap ’’ joints by mixing a filler 
with the cement. The filler used was 
powdered phenol-formaldehyde mould- 
ings and similar material. 

Whilst the introduction of a filler over- 
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came the drawback of crazing, it did so at 
the expense of joint strength and in conse- 
quence further research was carried out in 
this country, and an alternative method 
was devised consisting of the use of 
special hardeners. As a result of work 
carried out by the Forest Products 
Laboratory it was found that the main 
contributory cause of ‘‘ crazing ’’ was lack 
of control over the setting conditions. 
This results in non-uniform shrinkage due 
to uneven evaporation of the water con- 
tent of the cement. It follows, therefore, 
that if some degree of control can be 
exercised over the rate of evaporation, 
more uniform setting of the cement will 
result, and because of this the liability 
for ‘‘crazing’’ to take place will be 
reduced. If the glue film is very thin the 
evaporation will be more or less uniform 
throughout, but with thick films it is 
necessary to reduce the rate of surface 
evaporation if ‘“‘crazing’’ is to be 
obviated. This appears to be the effect 
of adding special hardeners to the cement. 
The effectiveness of these hardeners in 
conjunction with a urea type of cement 
may be judged from the fact that over a 
period of 12 months the failing load of 
this type of joint as compared with one 
using a filled urea glue was some 16 per 
cent. greater. 

There are now available about a dozen 
types of plastic adhesives, and the more 
important of these will be dealt with in 
more detail in the subsequent sections of 
this article. 

Phenolic Cements 

The phenolic cements which are based 
on phenol-formaldehyde resins find their 
greatest outlet in the manufacture of ply- 
wood and “‘ improved ’’ wood, and in this 
field they are being used very success- 
fully. The phenolic cements are available 
either in the form of liquid glues, or alter- 
natively as dry glue films. 

The liquid glues are prepared by 
making an alcoholic solution of the p.f. 
resin, and are used extensively in the 
manufacture of paper and fabric base 
laminates as well as for the production of 
plywood. Cements of this type may be 
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spread by ordinary methods without any 
fear of premature hardening, which was a 
disadvantage of the earlier liquid phenolic 
adhesives. 

The surfaces to be joined may be 
coated some time before making the joint, 
and, if necessary, allowed to dry and kept 
in storage for several weeks before the 
pressing operation is carried out. A 
strong bond, which will successfully with- 
stand the action of hot or cold water, is 
obtained with glues of this type. It 
should be noted. that the shear strength 
of joints made with liquid phenolic 
cements is some 20 per cent. greater than 
can be obtained with the dry gluefilm 
type. A further advantage is that the 
curing time is also considerably reduced. 

Liquid phenolic adhesives are supplied 
in two forms :— t 

(a) For cold setting conditions, 
(b) For hot setting conditions. 

The main difference between the two 
forms lies in the type of hardener used 
and in the processes used. 

A few notes relating to ‘‘ Cellobond,’’ 
which is a typical liquid phenolic cement, 
will now be given. ‘‘Cellobond”’ is 
manufactured by Cellomold, Ltd., and 
distributed by Messrs. F. A. Hughes, Ltd. 
It is supplied for both hot and cold 
pressing conditions. When the former 
are employed, as, for example, in the 
manufacture of plywood, the resin used 
is Adhesive Rockite Resin 1840, and in 
addition Plasticiser RM 99 and Hardener 
RM 36 are employed. 

The method of using the hot setting 
cement is to mix thoroughly 90 parts of 
the resin and 10 parts of RM 99. Imme- 
diately prior to using the cement, $4 parts 
by weight of the hardener RM 36 are 
vigorously stirred into the mixture. Once 
the RM 36 has been added the life of the 
cement is limited, and Table I indicates 
the useful life of the mixture for different 
conditions of temperature : — 


Table I 
Temperature. Life of Mixture. 
60°C. 2 hours 
70°C. 1 hour 
80°C. 4 hour 
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The mixture should be applied evenly 
to the joint surfaces by means of a brush 
using a spread of 34 lb. to 100 sq. ft. It 
is sometimes found that the cement proves 
difficult to spread evenly over large sur- 
faces, and, should this be the case, 5 per 
cent. of industrial methylated spirit 
should be added in order to thin down the 
mixture. When this is done, the spread 
should be increased to 4 Ib. per 100 sq. ft. 

The pressure employed should range 
from 100-150 lb. per sq. in. and the press 
platens should be controlled at 194-212 
degrees F. It is possible, however, to 
obtain good results using somewhat lower 
pressures. 

The time which is necessary to effect 
the complete cure of the adhesive is 
governed by the time taken for the heat 
to penetrate to the inner veneers. The 
manufacturers of ‘‘Cellobond’’ recom- 
mend that a basic time of five minutes, 
plus one minute per millimetre of board, 
should be employed. It is important that 
pressing should not be commenced for at 
least half an hour after the completion of 
the glueing operation. If the work is 
maintained at room temperature, pressing 
need not be commenced for five hours 
after the application of the cement. 


Dry Gluefilm Phenolic Adhesives 


Dry gluefilm phenolic adhesives are 
prepared by passing thin absorbent paper 
through a bath containing an alcoholic 
solution of phenolic resin. The volatile 
solvent is then dried out, leaving resin 
impregnated paper, which is wound on to 
collecting rolls. 

The dry gluefilm adhesives provide a 
very convenient form of cement, inso- 
much as they are clean, easy to handle 
and store, and, in addition, enable a high 
degree of contro] to be exercised over the 
glueing operation. Certain precautions 
are, however, necessary when storing rolls 
of gluefilm; for example, the rolls should 
not be laid on their sides, as the weight 
may cause adjacent layers to adhere one 
to the other making it difficult, if not 
impossible, to unwind the gluefilm from 
the roll. Another point in connection 


with storage is that the temperature of 
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the store-room should not be too high, 
because if it is there is a liability of a 
slow polymerization of the resin occur- 
ring, which renders the gluefilm brittle 
and eventually useless. 

When using the dry-film type of adhe- 
sive, itis necessary to apply heat and pres- 
sure. The resin becomes viscous under the 
action of the heat and is forced to pene- 
trate into the wood fibres under the 
influence of the pressure. The addition 
of further heat causes the thermosetting 
phenolic resin to solidify, enabling a 
strong waterproof bond to be made. In 
this connection it should be noted that 
the bond thus obtained is resistant to 
boiling as well as cold water. 

The dry gluefilm adhesives have their 
chief field of application in the manufac- 
ture of plywood and “‘ improved ’’ or 
‘* densified ’’ wood. Plywood made with 
adhesives of this type is, in many ways, 
superior to that made with liquid glues, 
since it is free from any tendency to split 
or distort. Briefly, the advantages of the 
dry-gluefilm type of adhesives may be 
summarized as follow:— 


(1) Cleanliness. 

(2) Ease of handling and storing. 

(3) High degree of control over glue- 
ing operations. 

One of the better-known dry gluefilm 
adhesives is ‘‘ Plybond,’’ which is manu- 
factured by Messrs. Bakelite, Ltd., who 
issue the following recommendations for 
using their product:— 

(1) Platen temperature should be 
maintained between 140 degrees 
and 150 degrees C. 

(2) Pressure should be between 250 
and 300 lb./sq. in. 

(3) The basic.timefin the press should 
be 3 minutes. An additional 
14 minutes should be added 
for each millimetre of board 
thickness. In this connection 
it is snot recommended that 
boards thicker than 1 in. should 
be made. 

(4) The moisture content of the 
veneers should lie between 7 and 
10 per cent. if maximum joint 
shear strength is desired. 
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(5) After removing from the press, 
the board should be subjected to 
a steam atmosphere or immersed 
in water and _ subsequently 
allowed to dry off in normal 
atmospheric conditions. The 
object of this operation is to 
replace any moisture which may 
have been driven off during the 
pressing operation. 

Another well-known make of dry glue- 
film adhesive is ‘‘ Tego,’’ which is made 
by the Tego Gluefilm Company. As in 
the case of ‘‘ Plybond,”’ the makers issue 
certain recommendations to users. These 
are summarized below :— 

(1) Platen temperature to be between 

280 and 300 degrees C., the higher 

figure being the more satisfactory. 


(2) Pressure to be in accordance with 


Table 2, but generally between 120 and 
300 lb. /sq. in. 

(3) The time which the stack must 
remain in the press varies from 5 to 
20 minutes. 

(4) The moisture content of the 
veneers should be controlled within 
8 to 12 per cent. if the maximum joint 
strength is to be obtained. 


Table 2 
Pressures for use with ‘“ Tego”? Gluefilm 


Wood. Pressure lb. /sq. in. 
Pine, fir spruce 120/140 
Alder, poplar, passwood ... 140/150 
Oak and high density 

woods... a 150/200 
Thin stock of hardwoods 

such as birch, maple, 

beech, oak, etc. 200 / 300 


Urea-formaldehyde Glues 


Urea cements are based on the urea- 
formaldehyde resins and generally consist 
of two constituents, namely, the adhesive 
resin and a hardener. 

The adhesive resin is a syrupy sub- 
stance which is produced by reacting 
together under controlled conditions, urea 
and formaldehyde. The hardener on the 
other hand is generally a weak acid and 
is used as a catalyst to promote rapid 
hardening of the cement. The hardener 
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is a water-clear liquid, but in many cases 
colouring matter is added in order to 
simplify identification of the various types 
of hardeners. 

It is usual for one type of resin adhesive 
to be used with one of several types of 
hardeners, depending upon the setting 
time required. In this connection it 
should be noted that the stronger the 
acid the more rapid will be the setting 
action. The limit to this is reached when 
there is a danger of the strong acid attack- 
ing and destroying the fibres of the wood 
and thus causing a weakness at the joint. 

In the early days of urea cements it 
was found that unless the gluefilm was 
kept very thin—in the order of .002 in. 
—there was always a likelihood that 
crazing would occur some time after the 
joint had been in service. By the use of 
special hardeners this difficulty has 
been overcome, and it is now possible to 
make perfectly satisfactory joints where 
the gap is as large as .030 in. 

It is also. possible to obtain urea 
adhesives in a solid form. 

The better-known cements of this type 
are summarized below:— 


For thin gaps, Aerolite K and Beetle W. 

For wide gap joints, Aerolite 3 and 
Beetle A. 

The above cements are of the liquid 
type; those of the solid type are typified 
by Beetle H and Lauxite (American). 

No heat is required when using urea 
glues, but it is possible to obtain special 
grades of hardeners for use when a hot 
press is employed. 

When utilizing the cold process the pro- 
cedure is for one side of the joint to be 
coated with the appropriate hardener and 
allowed to dry. The other joint face is 
then coated with a very thin film of the 
cement, and after a period of about 15 
minutes the two joint faces are brought 
into contact and clamped together by any 
suitable mechanical means (e.g., ‘‘G’’ 
clamps). Pressure is maintained for 
2/24 hours depending upon the hardener 
used. 

For 100 sq. ft. of joint surface 1 lb. of 
hardener is required, and the time for 
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drying is generally about half an hour, 
although in some cases this can be 
reduced. With regard to the glue itself, 
3 lb. per 100 sq. ft. is usually sufficient. 
Too much glue results in longer drying 
periods being required. 

With the hot process, however, the 
hardener is actually mixed with the 
cement before being applied to the joint. 
The hot process is recommended where 
it is essential that the joint should be 
watenproof. There are two types of 
hardener supplied, one for use when the 
joints must be watenproof, and one for 
joints which will be proof against boiling 
water. The method of using urea glues 
with the hot process is as follows :— 

(1) The hardener is mixed thoroughly 
with the cement. The mixture can then 
be kept for 30 hrs. at room temperature. 

(2) The mixture is applied thinly to 
the joint faces which have previously 
been roughened with sandpaper; 2} Ib. 
of mixture is sufficient for 100 sq. ft. 

(3) Pressing is carried out at a pres- 
sure of some 30 lb./sq. in. at a tempera- 
ture of 90-100 degrees C. The basic times 
in the press are 5 mins. for the liquid 
hardener (for waterproof joints) and 
8 mins. for the powder hardener. One 
minute per millimetre of board thickness 
must be added to these basic times. 

Having dealt in general terms with the 
urea adhesives a few details will now be 
given of the Aerolite and Beetle cements. 
The former are manufactured by Messrs. 
Aero Research, Ltd., of Duxford, and the 
latter by Messrs. Beetle Products, Ltd. 


Beetle W Cement 

Beetle W cement is of the normal liquid 
urea type, and is used in conjunction 
with three different hardeners depending 
upon the required rapidity of setting. 
These hardeners are used when the cold 
method is employed, and are as follow:— 

(1) Cold Hardener Orange—for very 
quick setting. 

(2) Cold Hardener Yellow—for quick 
setting. 

(3) Cold Hardener White—for slow 
setting. 
Some idea of the setting times given 
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by the different hardeners can be gained 
from Table 3 below:— 


Table 3 
Setting Times (min.) for Beetle W 
Temp. Hardener. 
°F. Orange. Yellow. White. 
50 hr. 5/6 hrs. 30/35 hrs. 
60 hr. 3 hrs. 12 hrs. 
70 20mins. Ifhrs. © 4 hrs. 


The method of application depends 
upon the hardener used, and details are 
given below of the makers’ recommenda- 
tions in this connection. 


(a) Cold Hardener Orange 

One face of the joint is coated with 
the hardener, using a spread of 1 lb. per 
100 sq. ft., and the mating surface coated 
with the cement. After a period of some 
15 mins. when the cement has had time 
to become tacky, the two joint faces are 
brought into contact and pressure is 
applied quickly. It is important that the 
pressure be applied within 3 mins., 
because if this time is exceeded premature 
hardening is likely to occur. The spread 
used for the cement is 24-3 lb. per 100 
sa. it. 


(b) Cold Hardeners Yellow and White 

The same methods of application may 
be used for the Yellow and White 
hardeners, the only difference being the 
length of time which the joint may stand 
prior to the application of pressure. 

The hardener is applied to one joint 
surface and allowed to dry. The cement 
is applied to the same surface and to the 
untreated joint face. The two halves 
of the joint are then brought into contact. 
In the case of the Yellow hardener pres- 
sure must be applied within 15 mins., 
but with the White hardener this time is 
increased to:45 mins. 

Beetle W cement can also be used for 
hot pressing, but different hardeners must 
be employed. These are as follow:— 

(1) Liquid hardener—for waterproof 
joints. 

(2) Powder hardener 12—for joints to 
withstand boiling water. 

Cement and hardener are thoroughly 
mixed together and the mixture is applied 
thinly to one joint surface only. A pres- 
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sure of approximately 30 Ib./sq. in. and 
a temperature of 90-100 degrees C. is 
employed. The basic times in the press 
are five minutes for the liquid and eight 
minutes for the powder hardener. One 
minute for each millimetre of board thick- 
ness must be added to the above basic 
times. Pressing may be carried out at 
any convenient time up to 24 hours after 
the application of the cement. 

Table 4 shows the proportions by 
weight of cement and hardeners: 


Table 4 
Hardener. Beetle W. 
Liquid ... an ke 100 
Powder 12 perme |! 100 


Aerolite S Cement 


Aerolite S is also a liquid urea cement 
which is used in conjunction with 
hardener GBM, GBP, or GBQ, depend- 
ing upon the setting time required. The 
above hardeners have replaced GB9, 
which suffered from certain drawbacks. 


The method of using Aerolite S is to 
coat one joint surface with the cement, 
using a spread of 2§-3 lb. per 100 sq. ft. 
This spread may have to be increased in 
cases where the pressure cannot be 
applied evenly. The hardener is then 
applied to the second face of the joint, 
the spread being 1 Ib. per 100 sq. ft. 

After the glued surface has become 
tacky it is brought into contact with the 
hardener-treated joint face whilst the 
latter is still damp. This is important, 
and, should the hardener have dried, it 
is necessary to apply a second coat prior 
to bringing the joint faces into contact. 

Pressure should be applied as indicated 
in Table 5:— 


Table 5 
Temp. Hardener. 
°F. GBM GBP GBQ 
50 §©10-12 hrs. 5-6hrs. 6-7 hrs. 
60 5 hrs. 2}hrs. 3 hrs. 
70 = 3h hrs. lghrs. 2 hrs. 


If the joint is liable to be subjected to 
any undue strain immediately after the 
removal of the clamping pressure, the 
makers recommend that the times shown 
in Table 5 be doubled. 
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Beetle H Cement 


This is a powdered form of urea-formal- 
dehyde cement, and for use it is prepared 
by thoroughly mixing 100 parts by weight 
of the powder with 70 parts of cold water. 
This produces a cement which is similar 
to Beetle W, being a powdered form of 
this adhesive. The mixture can, if kept 
in a cool atmosphere, be held for about 
one month. 


Other Adhesives 


Apart from the phenolic and urea 
cements which have been detailed in the 
foregoing sections of this article, other 
forms of synthetic adhesives are available 
which are based on cellulose, the acrylic 
resins and the vinyls. 

The cellulose cements are based on the 
cellulose plastics, the nitrate being largely 
employed. Cellulose acetate is also used 
with appropriate solvents and plasticizers, 
but these cements are not as good, from 
the point of view of ageing, as those based 
on the nitrate. 

Cements based on the acrylics and 
vinyls are comparatively new, but are 
excellent in certain fields. Acrylics, for 
example, find an outlet in the manufac- 
ture of safety glass, and the vinyl adhe- 
sives are being used increasingly for the 
manufacture of airscrew blades. 


Phenols from Low-temperature Distillation 


At a recent meeting of the Low Tempera- 
ture Carbonization Co., Ltd., the chairman, 
Col. Bristow, claimed that for some con- 
siderable time the works has been producing 
essential raw materials for the plastics 
industry and that steps are being taken to 
expand this side of the business. 

We must congratulate this concern, for 
when, in 1937 and 1938, the phenols and 
cresols produced were submitted to the 
plastics industry, it was found that because 
of the type of process, namely, low-tempera- 
ture carbonization of coal, these materials 
were slow in condensing with formaldehyde. 
It is now apparent that careful research and 


‘new methods have resulted in the produc- 


tion of phenols of excellent quality. 

The company is also producing raw 
materials for incorporating in rubber and 
rubber-like materials. 


D 
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Metallizing Plastics 


(continued) 


A Complete Survey and Critical Study 

of the Modern Methods of Metal 

Film Formation on Plastics for their 
Protection and Decoration 


6. Moulded-in Metal Cores for Rods and 
Tubes 


Phenolic resin laminated rod is com- 
mercially available in a form having a 
steel core. This commodity is of the 
rolled and moulded variety, that is, it is 
produced from ‘‘bakelized paper’’ wound 
concentrically over the steel centre to give 
the desired ultimate diameter, the whole 
being cured to a compact solid mass by 
heating under pressure in a mould. The 
plastic portion of the product is, there- 
fore, equivalent to a rolled and moulded 
phenolic resin tube. As such it will be 
of low-water absorption value, relatively 
high density, and responsive to machin- 
ing operations such as cutting, threading, 
drilling, tapping, slotting, etc.; it will 
possess good mechanical qualities, com- 
pression and tensile strength, and excel- 
lent electrical properties. Again, the 
plastic covering, being cured under heat 
and pressure to the metal core, adheres 
tenaciously to the latter and withstands 
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mechanical strain such as that of torsion 
without tending to come adrift from the 
core. Fig. 16 shows the build-up of the 
material diagrammatically. 

These. composite rods are primarily 
designed, of course, to meet the field 
where high-tensile plastic rods are 
required, but they also fulfil the need 
where rods having threaded ends of ade- 
quate strength have to be provided. 
For the latter purpose, the plastic can be 
machined away and the steel core 


ROLLED & MOULDED COVERING 
aa 








Fig. 16.—Phenolic resin paper laminated, 
rolled and moulded rod with steel core. 


threaded to the desired extent. Beyond 
utilization in fields where these mechanical 
needs are paramount, applications have 
been found in the electrical industry, such 
applications calling for the material 


Table 27.—Laboratory Characteristics of Rolled and Moulded Phenolic Resin Laminated 








Paper Tubes. 
External Internal Wall Water absorption Loss on heating 
Sample No. diameter diameter thickness ( (6 hrs. at 110°C.) 
inches inches inches per cent. per cent. 
1 ag th a3 0.34 0.88 
19 ry * ae 0.33 1.12 
* } eS 0.20 0.80 
4 i 4 0.88 0.62 
4 Fy * 1.50 2.65 
4 3 4 1.10 0.37 
Fi t ty 0.64 1.20 
4 4 * 0.43 0.71 
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purely upon its merits. Low residual 
water content and low water-absorption 
values of the plastic covering renders these 
materials electrically suitable. Table 
27 gives some test values that can 
be met for differing thickness of wall. The 
weight losses on heating were determined 
by exposing to dry heat for six hours at 
110 degrees C. and the water-absorption 
weights by immersion for 24 hours at 20 
degrees C. Specimens 1} ins. in length 
were used for the tests, and they were 
conditioned before test in an atmosphere 
of 75 per cent. humidity at 20 degrees C. 
for 18 hours. Typical of these applica- 
tions are electrical assemblages compris- 
ing elements mounted on rods and 
clamped tightly to a predetermined pres- 
sure. The phenolic resin paper layer 
serves as insulation, avoids the use of a 
loose insulating sleeve with its attendant 
difficulties of clearance diameters, both 
internal and external, electrically weak 
spots in the wall, etc. 

It is possible to supply a range of types 
of reinforced rolled and moulded products 
of this kind, although under war-time 
conditions it is not so easy to procure 
special items as in peace-time. Thus, 
rolled and moulded tube in which the 
core is a metal tube are practicable, as are 
also sections such as simple channels hav- 
ing a steel core. Again, the bakelized 
paper can be replaced by bakelized fabric. 

Apart from the numerous channels of 
the electrical industry for which metal- 
cored rods satisfy the need, there are 
many instances that are perhaps better 
suited by the user himself preparing the 
product in his own factory. A number of 
so-called cable hoops and posts of simple 
shape on which an insulating covering is 
essential, and one having resistance to 
abrasion and wear, may also be required, 
typically exemplify one application. 
Another fruitful field is in the build-up 
of metal rectifier units. In these, the 
rectifying elements in the form of discs 
are built up into a stack by threading on 
a metal spindle. The latter is provided 
with an insulating sleeve, usually of 
phenolic resin paper tube; the discs may 
be separated by contact washers, cooling 
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fins, etc., and the whole clamped tight. 
In many cases the complete unit is sealed 
by dip painting. The insulating tube is 
always a problem. The spindles are used 
in a very wide range of lengths and dia- 
meters, and a corresponding variety of 
bakelized tubes are needed. The neces- 
sary wall thickness in the latter must be 
provided for mechanical and electrical 
reasons, and close dimensional tolerances 
are inevitable. The reasons for this are 
appreciated when it is realized that toler- 
ances are required on the steel spindle and 
upon its protective coating of finish, and 
upon the holes in the items to be threaded 
upon the spindle. In the manufacture of 
all the items, production from time to 
time always exceeds agreed tolerances 
and assembly has to take care of varia- 
tions by troublesome selection processes. 
Resulting from these difficulties, the 
assembled items, especially if badly 
burred, cut into the insulating tube, caus- 
ing weak spots which promote electrical 
breakdown. Such problems are greatly 
eased, if not entirely eliminated, by mak- 
ing in effect metal-cored bakelized paper 
rods. Only one set of dimensional toler- 
ances have to be met, viz., upon over-all 
diameter, and this factor can be safe- 
guarded by mould sizes and production 
technique. A thicker layer of insulation 
becomes practicable, and it is more wear- 
resistant and less easily damaged by burrs 
than is tube. Again, for these tubes, 
which are of small diameter and wall 
thickness, and which are _ used in rela- 
tively large quantities to-day, only the 
lower-grade material, known as “rolled 
and varnished,’’ is generally available. 
These are high water absorption, low elec- 
tric strength types, much inferior to the 
rolled and moulded tubes. Actually, they 
are hardly good enough for the job. 
Test values for the loss in weight on 
heating and for gain in weight upon 
water immersion of the high-grade tubes 
that were at one time available, and of 
the lower-grade tubes that now have to 
be employed to meet the greater demand, 
are given for comparison in Table 28. 
To make a composite cored rod on site, 
bakelized paper of the requisite width 
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Table 28.—Laboratory Test Results on Rolled and Varnished Phenolic Resin Laminated 
Paper Tubes. 











External Internal Wall Water Absorption| Loss on heating 
Sample No. diameter diameter thickness (24 hrs.) (6 hrs. at 110°C.) 
inches inches inches per cent. per cent. 
1 a 4 ts 0.45 0.57 
2 é 4 * 1.45 0.63 
3 3 4 ty 1.35 0.73 
4 fs bb te 1.52 0.94 
5 1% 13 ds 1.10 1.40 
6 1% 13 as 2.13 1.75 
7 4 2 by 0.92 1.61 
8 4 2 ts 1.35 0.55 
9 0.201 0.145 0.028 1.3 2.1 
10 2 4 ty 5.45 2.5 
11 : 4 4 4.00 1.67 
12 Fe 4 ts 4.05 2.50 
13 0.201 0.145 0.028 7.0 30 
14 0.244 0.190 0.028 10.5 4.5 
15 0.244 0.190 0.028 11.4 3.9 
16 é 43 a 7.0 2.5 
17 0.205 0.145 aa 14.7 2.5 
18 0.205 0.145 oh 11.6 3.1 
19 4 ro a 9.9 2.9 
20 }- t h 74 2.5 




















Samples Nos. 1 to 9, prior to 1940. Samples 10 to 20, recent manufacture. 


and thickness is required. The rods are 
usually steel, and may be standardized in 
diameter and length, and then covered in 
standard lengths for cutting up to 
required sizes and threading. Or they 
may be provided already threaded and 
only the central portion covered, as shown 
in Fig. 17. Simple winding machinery 
is entailed and moulds, which can be of 
multiple type. Oven equipment is 
straightforward. 

The bakelized paper can be prepared 
from a good-quality kraft wood stock 
paper or from a cable insulating paper, 
by coating with bakelite varnish. The 
procedure is unnecessary because ready- 
prepared papers can be purchased, and 
the trouble of controlling varnish thick- 
ness and of drying the varnished paper, 
as well as the general messiness, can be 


thus avoided. However, it is wise to 
select the type of paper most suited to the 
purpose. A wide range of bakelized 
papers is available through manufac- 
turers and merchants, varying with 
respect to varnish content, degree of treat- 
ment, thickness, colour, etc. 








Fig. 17.—Threaded rod, covered solidly 
with bakelized paper. 


Table 29 summarizes a number of 
bakelized papers that have been used for 
making rolled and moulded tubes. 

It will be noted that they cover a wide 
range of thicknesses, it being preferable 
to use thinner papers for thin wall tubes 
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and to retain the thick ones for very thick 
walls. Some of them have been bakelite 
treated on one side only, the resin having 
been applied by roller coating from a 
bakelite resin solution. Others have been 
coated on both sides by similar means or 
by actual impregnation. Again, in some 
cases the bakelite resin has been partially 
cured, this curing probably being quite 
incidental to the drying of the varnish 
on the paper, and dependent upon the 
temperature and time employed for this. 

While it can be stated that any of these 
materials can be employed, the best 
results are usually obtained using paper 
fully impregnated or coated both sides, 
having the resin in the fully uncured con- 
dition and having a total resin content 
of the order of 40 per cent. It will be 
noted that not many of the samples fulfil 
this requirement. Samples Nos. 5, 9, 18 
and 20 most nearly meet these conditions 
and cover a range of thicknesses. 

For exceptionally thin wall thicknesses, 
wood or linen rag stock paper bases of 
thicknesses from 0.0005 in. to 0.0015 in. 
can be used for producing bakelized 
papers having prcperties otherwise similar 
to the foregoing materials. 

The essential features of a commercial 
purchasing specification for suitable 
bakelized papers is given in the follow- 
ing :— 

1. The material required is a paper 
evenly treated by impregnation or coating 
on both sides with phenolic resin solution. 
It should be free from lumps, bubbles, 
undue roughness or ‘‘ powdery ’’ resin. 

2. The paper base should be a good- 
quality kraft paper of chemical wood 
stock base or, in very thin gauges, of 
linen rag stock. 

3. The synthetic resin content of the 
material should be between 35 and 55 per 
cent. by weight of the treated material. 
The whole of the resin should be in the 
uncured state and soluble in alcohol or 
acetone. ‘* 


4. The paper base, the resin impreg- 


nant and the finished product should be 
ree from corrosive chemicals, acids, 
alkalis or salts. The bakelized paper 
should show a neutral reaction to litmus, 
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moistened with (a) distilled water and 
(b) alcohol’ when pressed together 
between glass plates for 10 minutes. 

5. The material should be supplied in 
rolls with a tolerance of minus 0.000 in. 
plus 0.062 in. on width. 

6. The allowable tolerance on all 
thicknesses should be + 10 per cent. 

7. The material should be tightly and 
evenly wound on rigid centres of agreed 
dimensions, such as cardboard spools of 
internal diameter 4 ins., wall } in. thick. 


Rolling and Moulding of Tubes 


In making rolled and moulded tubes, 
the paper is wound upon a mandrel of 
cross-section corresponding to the internal 
dimensions of the tube. This mandre] is 


—_ — 
en 


—~O- 


Fig. 18.—Simple mould and ring clamp 
for single steel cored rod. 



































of hardened steel, of good surface finish, 
and preferably polished. Further to assist 
in sliding the tube off the mandrel, lubri- 
cation is resorted to, using a light smear 
of tallow, or of paraffin wax, or using a 
thin layer of waxed paper over the man- 
drel. For making a cored rod in which 
the permanent core replaces the mandrel, 
no lubrication is used, no special polish is 
resorted to. The core material may be the 
steel in the drawn condition, or adhesion 
between the covering and the core can be 
accentuated by abrasive blasting. On the 
other hand, the core may be metal fin- 
ished as by zinc plating to give protection 
to the projecting ends. Again, to secure 
maximum adhesion, a layer of thin shel- 
lac-coated paper next to the core may be 
used. Choice is thus determined according 
to the circumstances of the job. Further, 
the procedure is not restricted to the use 
of steel cores; non-ferrous metals, such as 
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brass, and the light metals, such as dur- 
aluminium, may be employed when apt. 

The precise length of paper required to 
wind particular cored rods of specific wall 
thicknesses has to be determined by trial. 
It is dependent not only on the thickness 
of the paper used in relation to the wall 
thickness required, but also upon process 
technique, including tightness of winding 
and pressure employed. The wound rod 
is dropped into the mould, the two halves 
of which are placed together, pressed and 
fixed with ring clamps. 

A simple single-impression mould is 
shown diagrammatically in Fig. 18, 
which also illustrates the function of the 
ring clamps. Obviously multi-impression 
moulds can be made, but they must be 
rigid, and massiveness is dependent upon 
the size of cored rods being made. Thus 
fins along diametrically opposite lines of 
the rod corresponding to the junction of 
the two halves of the mould are inevit- 
able, but they are easily removed by 
scrapping with a knife-edge. The dimen- 
sions of the mould control those of the 
outside of the rod and due allowance must 
be made for this fin. 

The tightened mould assemblies are 
baked, and can be inserted directly in a 
hot oven, e.g., electrically heated. Bak- 
ing time depends upon temperature 
employed and quality of rod with respect 
to water absorption that is required. Tem- 
peratures from 300 to 280 degrees F. (150 
to 190 degrees C.) and times up to six 
hours are employed. The best procedure 
is considered to employ a double heat pro- 
cess and a double pressing. In this, the 
wound rod is pressed and tightened loosely 
in the mould, and then warmed through 
quickly to 160 to 180 degrees F. (70-85 
degrees C.), This renders the stiff, bake- 
lized paper very limp, softening the resin. 
The mould is then pressed down hard and 
fully tightened. The “‘ fin’’ can be made 
extremely thin by this means, and a very 
compact rod obtained. However, time 
and temperature of this preliminary heat- 
ing must be controlled, otherwise the resin 
cures too early and the lamine do 
not bind. Hot mandrels are preferred 
and a heating time not exceeding 15 
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minutes. For the final baking, half an 
hour is adequate to give a hard, well- 
bonded rod, but four to six hours is neces- 
sary to secure maximum quality. 


Thermoplastic Treated Papers 


Synthetic-resin-treated papers in which 
the phenolic resin is replaced by poly- 
styrene, can be employed in a very simi- 
lar manner. Again, polystyrene-treated 
acetylated paper is also employed. 

Metal tube can replace the core of rod, 
with, of course, due attention to the pres- 
sure applied in relation to that at which 
the tube commences to distort. 

With the thermoplastic synthetics, per- 
haps the closest article to compare with 
the phenolic resin paper-covered metals 
is rod, bar or section metal covered by 
extrusion processes with cellulose acetate. 
It may be deemed that all these materials 
are plasticized metal rather than metal- 
lized plastics, but they are of sufficient 
interest to be included here. 

These extruded cellulose acetate coat- 
ings are possible in thicknesses from 0.005 
in. to 0.093 in., and in any colours from 
clear colourless to black, with the latter 
the most common. Apart from providing 
corrosion-protective layers, decorative 
coverings and electrical insulation, the 
cellulose acetate coatings possess qualities 
of resilience, resistance to wear, 
mechanical strength, particularly to 
impact shocks, resistance to many 
chemicals in vapour, solid and liquid or 
solution form. A primary choice for the 
use of this material, especially cellulose 
acetate covered steel, will be core 
strength and rigidity. Further, it com- 
petes with rubber-covered steel in applica- 
tions for chemical resistance, e.g., in 
electroplating piants or the chemical 
industries, and for electric strength and 
wear resistance, e.g., cable-carrying 
brackets. Simplicity of manufacture gives 
it marked advantages in these directions, 
and, therefore, it is favourable from the 
economic aspect. The rubber-covered 
material has to be made by the applica- 
tion of a rubber/sulphur mix, usually in 
solution by several applications to build 
up the required thickness. 
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Tests made for comparison on cellulose 
acetate and rubber coatings on ;-in. 
diameter mild steel rod are given below. 

The surface thickness of each coating 
was 1/32 in. or 7; in. on the diameter. 
Both were glossy black, the acetate being 
a neat, smooth appearance and its colour 
due to the basic colour of the cellulose 
acetate. The rubber covering was rough, 
rather less attractive, greyish-brown in 
colour through its mass, an applied coat 
of bright black enamel being responsible 
for the superficial gloss and appearance. 

With respect to resistance to ageing 
under normal exposure conditions, speci- 
mens with cut ends (i.e., with free access 
for exposure conditions to penetrate 
between the metal and the covering) were 
subjected to the humidity conditions test 
for 40 days. This test, a cyclic combina- 
tion of eight hours’ dry warmth (65-75 
per cent. humidity, 55-60 degrees C.) 
and dampness (100 per cent. humidity 
with condensation, 20 degrees C.), repre- 
sents well-accelerated test of normal 
exposure without unfairly exaggerating 
any factors to cause unlikely breakdown. 
Close examination of the samples after 
this test showed the rubber-covered pro- 
duct to be unaffected except for rusting 
at the exposed ends. The extruded cellu- 
lose acetate covered sample showed some 
loss of flexibility, although impact resist- 
ance was still of high order. It also 
appeared to have shrunk very slightly 
and, upon cutting away from the steel 
core, showed faint rusting of the latter. 
These results agree with those that would 
be anticipated, and in view of the nature 
of the test-conditions show that good ser- 
viceability would be expected. 

With regard to resistance to heat, it is 
to be expected that the cellulose acetate 
coating would be a little superior to the 
rubber coating. Comparative tests for 
softening of the coatings confirmed this, 
the acetate softening from 105 to 115 
and the rubber from 90 to 100 degrees C. 


Interesting General Applications 


Apart from applications in electrical 
and chemical spheres, and in decorative 
and building trades, numerous uses for 
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extruded coverings of cellulose acetate on 
metal are apparent. Sound deadening is 
one; thermal effects create another, either 
for ‘‘taking off the coldness of metal’”’ 
or for prevention of condensation being 
two reasons. Metal furniture, handrails, 
control wheels, pipe work, etc., are typical 
examples. . 

In the sheet forms, wire reinforced 
cellulose acetate requires consideration. 
Attention will be given here not to the 
form in which fairly fine wire mesh holds 
a thin film of cellulose acetate, applied 
from solution, but to that in which wire 
mesh is actually moulded into the material 
by pressure between sheets of cellulose 
acetate. This is available in transparent 
varieties in a range of colours, in overall 
thicknesses down to 0.020 in. It is rigid 
in character, attractive in appearance, 
and a very useful material for windows, 
especially under war conditions, when the 
effects of blast have to be considered. 
The term ‘‘ windows’’ has a much wider 
interpretation in industry than it has to 
the lay mind. Not only does it refer to 
































Fig. 19.—Frame for wire-reinforced acetate 
window—loose fit, generous clearance 
between acetate and frame. If the fixing 
screws pass through the acetate allow 
generous clearance for holes. 


the glazing of hutments and outbuildings, 
to offices and factory partition work, but 
also to trucks, vans and lorries, to instru- 
ments and equipments. Numerous appli- 
cations for this material arise, therefore, 
in conformity to its properties, its advan- 
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Table 30.—Behaviour of Wire-reinforced Cellulose Acetate Sheet Compared with Normal 
Material when Immersed in Water at 20°C. for Extended Period. 











eae Period of Per cent. change in:— 
Sample a sn caae 
No. material . Gaye Length Width Thickness Weight 
1 0.020-in. Wire-reinforced q —0.2 —0.1 +2.5 +2.0 
cellulose acetate sheet, 7 —0.3 —0.1 +2.0 +1.0 
transparent red 21 —0.3 —0.2 +15 +0.5 
2 0.020-in. Wire-reinforced 1 —0.1 —0.2 +2.0 +1.5 
cellulose acetate sheet, 7 —0.2 —0.2 +0.5 —0.5 
transparent orange 21 —0.3 —0.3 —0.5 —2.0 
3 0.020-in. Cellulose acetate +0.7 +0.9 +1.0 +2.8 
sheet, transparent 7 +0.9 +1.1 +1.5 +6.3 
colourless 21 +11 +1.7 +2.0 +9.5 























Note:—Increase indicated by positive and decrease by negative signs. 


tages and limitations. Being in effect 
cellulose acetate sheet, it will, in a more 
or less degree, suffer from the restrictions 
of cellulose acetate in ‘‘ breathing ’’ under 
fluctuating conditions of warmth and 
moisture. This characteristic must be 
borne in mind in the applications to which 
it is placed, and in the methods that are 
employed for fixing it. The window 
‘‘frame’’ should have a generous over- 
lap, and any screw fixings should not be 
too rigid and should be provided with 
slotted holes, as indicated diagrammatic- 
ally in Fig. 19. The most severe 
limitation for the material, however, is 
heat, continuous exposure even to the 
moderate temperature of 60 degrees C. 
(140 degrees F.) causing the laminze to 
part. In practice this tendency can be 
greatly reduced, and, in fact, in some 
circumstances eliminated, by sealing the 


edges of the cut ‘‘window’’ before 
mounting in its frame, using a suitable 
adhesive. Cellulose acetate or nitro- 
cellulose base adhesives, polyvinyl ther- 
inoplastic solutions, bakelite rubber 
cements and the special rubber-base 
adhesives are available, from which a 
suitable choice can be made. 

To illustrate the facts mentioned above 
concerning the properties of these wire- 
reinforced cellulose acetate sheets, labora- 
tory-test data are given in Tables 30, 
31 and 32. They all refer to physical 
changes under exposure conditions, the 
changes being recorded from measure- 
ments of the length, width and thickness 
dimensions and of weight. Table 30 
refers to specimens completely immersed 
in distilled water at laboratory tempera- 
tures. It is to be expected that absorp- 
tion will occur, with increases in both 


Table 31.—Behaviour of Wire-reinforced Cellulose Acetate Sheet Compared with Normal 
Material when Exposed to Dry Heat at 60°C. for Extended Period. 














Per cent. decrease in: — 
comme Description of material at ede 

Length Width Thickness Weight 

1 0.020-in. Wire-reinforced cellulose 1 )} — _ —2.6 
acetate sheet, transparent red 7 } o— — _ =—3.5 

21 Gradual shrinking _ —4.5 

away from the 

2 0.020-in. Wire-reinforced <ellulose 1 wire interleaving — —2.5 
acetate sheet, transparent orange 7 — — _ —4.0 

21 _ _ _ —5.0 

3 0.020-in. Cellulose acetate sheet, 1 —1.0 —0.7 —1.2 —2.6 
transparent colourless 7 —1.5 —1.0 —1.5 —4.0 

21 —2.5 —1.5 —2.2 —6.5 
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Table 32.—Behaviour of Wire-reinforced Cellulose Acetate Sheet Compared with Normal 
Material when Subjected to Hot and Cold Humidity Test for Extended Period. 











Per cent. change in:— 
Sample Description of material Period of J 
No. test in days 

Length Width Thickness Weight 

1 0.020-in. Wire-reinforced cellulose 1 ) _ —1.6 
acetate sheet, transparent red 7 os — - —2.2 

21 Gradual shrinking _ -3.1 

away from the 

2 0.020-in. Wire-reinforced cellulose 1 wire interleaving -1.5 
acetate sheet, transparent orange 7 _- -- o= -—2.2 

21 — -- — -3.0 

3 0.020-in. Cellulose acetate sheet, 1 -0.5 +0.6 +1.0 +0.4 
transparent colourless ta —0.7 +0.8 +1.5 +16 

21 -1.0 +0.8 +2.0 +2.0 























Note:—Increase indicated by positive and decrease by negative signs. 


dimensions and weight, but that plasticiz- 
ing agents may seep out, thus counter- 
acting the expansional effect. Actually, 
both wire-reinforced samples show a 
slight contraction in length and width, 
and swelling in the thickness direction. 
The increase in thickness, marked in the 
first day, becomes reduced gradually dur- 
ing the subsequent period. Similarly, the 
initial fairly high increase in weight 
gradually becomes less as plasticizer dis- 
solves out of the material. Broadly, the 
performance of the material under these 
test conditions can be regarded as exceed- 
ingly good. This conclusion is emphasized 


by the performance of the plain cellulose 
acetate sheet included for comparison. 
With this, relatively large expansions 
occurred in all directions and a large 
increase in weight. 

Table 31 deals with specimens of 
the same materials when exposed to dry 
heat at 60 degrees C. in an electric oven. 
The two samples of wire-reinforced 
materials loose gradually in weight, but 
dimensional changes could not be recorded 
on account of the laminze of cellulose ace- 
tate gradually coming adrift from the wire 
layer. The material would not stand the 
heat conditions. In comparison, the plain 
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cellulose acetate gradually shrunk appreci- 
ably in all directions, and lost weight to 
a similar degree to the wire sandwich 
materials. 

Table 32 deals with specimens sub- 
mitted to the cyclic warm-dry, cool-moist 
conditions, i.e., day temperatures 55-60 
degrees C., humidity 65-75 per cent.; 
night temperature 18-22 degrees C., 
humidity 100 per cent. with condensa- 
tion. In the case of the wire-reinforced 


6 a 
PERIOD OF DRY HEAT IN DAYS 





materials, gradual and relatively heavy 
weight losses occurred, and again the 
sandwich would not withstand the 
warmth, but came adrift. The plain ace- 
tate material shrank in length, expanded 
in width and swelled appreciably; it 
showed an overall increase in weight. 

To provide rapid visualization of these 
test results, they are reproduced graphic- 
ally in Figs. 20, 21 and 22. 

’ (Continued on p. 507.) 
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-~World’s Industry 
Employs Plastics 





ELECTRICAL 


Effect of weather- 
ing and climatic 
changes on _ plastic 
sealing plates and 
cable fixings _—for 
telephones are con- 
sidered by Schulze in 
“Elektr. Nachr. 
Techn.,’’ 1942/19/ 
199. Measurements extending over a 
year were correlated with prevailing 
climatic conditions. They show that 
serious changes occur in the resistivity of 
certain types of plastic mouldings. These 
variations are dictated by diffusion of 
moisture with the mass and by the vapour 
pressure of moisture which has succeeded 
in penetrating the moulding. Decrease 
in insulating power is accelerated by 
increase in temperature and slowed down 
by drop in temperature. Results indicate 
that the more marked the initial effect of 
the first exposure, the greater the sensi- 
tivity of the plastic concerned to subse- 
quent moisture hazard. Testing under 
tropical conditions will reveal the pre- 
sence of fissuring in the resin-rich surface 
of a moulding. For specially humid 
climates the use of definitely moisture- 
resistant plastics, such as the acrylics, is 
advised. Modifications in current 
V.D.E. specifications concerning phenolic 
mouldings of low resin content with 
wood-flour or wood-chip fillers limit the 
use of mouldings in this grade to parts 
not under electrical stress. This attitude 
has been, adopted on the grounds that 
insufficient evidence is available as to the 
effect upon resistivity of the mouldings of 
long-continued exposure to moist atmo- 
spheres. It is intended that when data 
have been accumulated, the question of 
the use of such mouldings for electrically 





stressed parts will again.be taken up. 
Electrical uses of plastics are reviewed in 
“Electrical Engineering,’ January, 1943, 
p. 19, and May, 1943, p. 191. Organic 
plastics as insulating materials are dealt 
with by Delmonte, whilst Hazen covers 


. other aspects of the same ground. New 


types of plastics and improved manufac- 
turing methods are also _ covered. 
Synthetics for wire insulation are re- 
viewed in detail by Ross of the Bridgeport 
Works Laboratory, General Electric Co. 
(‘‘ General Electric Review,’’ April, 1943, 
abstracted in ‘‘ Wire and Wire Products,”’ 
July, 1943, p. 403). Chemical types and 
trade names are tabulated under three 
main headings :—polymers of high elasti- 
city in the compounded state; polymers 
of high elasticity in plasticized state 
only; polymers which are flexible but not 
highly elastic even when plasticized. 
Examples for the first group are poly- 
chloroprenes, butadienes, polyisobuty- 
lene. In the second group occurs poly- 
vinyl chloride, and in the third group 
cellulose acetate, polystyrene and poly- 
vinyl formal. In the second table the 
properties of'the more important polymers 
are summarized. Microphone issued to 
U.S. Army Signal Corps is designed and 
constructed to economize in_ strategic 
materials. Universal Microphone Co., 
Ltd., has re-designed the original appara- 
tus, replacing aluminium gand-castings 
by cheaper and more effective plastics. 
The hand mouthpiece is moulded in 
methyl-cellulose. The switch assembly 
incorporates phenolic mouldings of high 
impact strength. The new model, besides 
possessing a more permanent, attractive 
colour than the metal unit, weighs in 
addition 2 oz. less—a point of some 
importance when the deadweight bozne 
by the Signal Corps tends to mount 
steadily. 
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PET 
GENERAL ENGINEERING 


Rubber,  gutta- 
percha and lead may 
be systematically 
replaced by ‘suitable 
plastics, according to 
speakers at a recent 
meeting of the 
V.D.Ch. (reported in 
‘* Kunststoffe,’’ 1943 / 
33/144. Nowak stressed particularly the 
uses of the acrylic resins and the poly- 


isobutylene plastics in the electrical indus- . 


tries. Polyvinyl chloride is already firmly 
established in this field. Kroker referred 
to the replacement of mica and asbestos 
in electric plant by cellulose tri-acetate 
and acetobutyrate. Viscose, presspan and 
spun glass are also being similarly used. 
Weinbrenner gave an historic review of 
the development of synthetic rubber. 
Significantly, he attributed the wide- 
spread popularity of Buna S, Buna SS, 
Buna SR and Buna 85 to the similarity 
of their general properties with those of 
natural rubber; Perbunan, which has 
highly specific mechanical and physical 
properties, he states will find only limited 
specialized uses. Ease of working by 
established techniques is a criterion of 
even greater importance than special pro- 
perties. Steel-faced _ plastic-laminate 
piercing dies are being used by Vega Air- 
craft Corp. A weight saving of 80 per 
cent. over all steel tools is achieved and 
has proved important in connection with 
the use of female labour. The holes are 
produced by carbon-steel punches, the 
plates being usually provided with a 
collar acting as a punch guide. Dies 
have been made with up to 130 holes, 
production of such a tool requiring only 
14 man hours of unskilled labour. By 
means of these tools aluminium stock up 
to 0.102 in. can be pierced, whilst stain- 
less steel can be pierced in thicknesses up 
to 0.065 in. There are no limits as to 
hole dia. Kennedy, in ‘‘ The Machinist,”’ 
1943 / 87/83, gives details of the construc- 
tion of these dies and the technique 
employed in their production and use. 
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Hammers with plastic anvils are becom- 
ing popular in U.S.A. and are said to 
possess the following advantages: they 
do not spread or cut metals and other 
materials; they do not tend to form built- 
up deposits on their working faces; they 
damp out vibration and, hence, reduce 
fatigue; they betray exceptional dura- 
bility and are affected by neither petrol, 
oil, nor water. The hammers referred to 
are provided with interchangeable faces 
of ‘‘Cryst-o-Flex’’ or ‘‘ Flex-o-Roid,”’ 
both semi-soft plastic products of the New 
Plastic Corp., Sycamore Avenue, Los 
Angeles. Hardened ‘‘Cryst-o-Flex’’ is 
recommended for sheet metal form., New 
lightweight portable pneumatic drill, 
weighing 1 lb. 12 oz., with speeds up to 
2,500 r.p.m., and taking drills from } to 
*;-in. dia., is marketed by Aro Equip- 
ment Corp., Bryan, Ohio. The shaft 
rotates in back bearings, a high-grade 
alloy steel rotor is provided, and a built-in 
visible oiler is fitted. The handle of this 
tool is moulded in plastics and is pro- 
vided with massive ribbing to prevent 
slip. New type screws and screw inserts 
for plastics are offered on the American 
market. Blake and Johnson, Waterville, ° 
Con., produce a twin-thread screw having 
two parallel threads which start at oppo- 
site sides of the shank and terminate in a 
single central point. The screw is self- 
tapping and the relieved shank dia. 
eliminates danger of fracture of the plastic 
under pressure. Continental Screw Co., 
New Bedford, Mass., supplies a self-tap- 
ping screw with a cylindrical end, having 
an axial slot extending deep into the 
conical threaded part. This allows the 
screw to flex across its minor axis, hence 
facilitates more accurate driving. Marco 
Co., Wilmington, Del., produces a metallic 
insert, which, by the aid of a special tool 
mushrooms at the bottom and _ thus 
anchors firmly into plastics, fibre, and 
soft metals. For finishing the edges of 
enclosure sections of transparent plastics, 
it is recommended that sanders be used, 
provided with silicon carbide sleeves. 
Best results are said to be obtained by 
running the sleeves wet. 
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INQUIRIES AND ANSWERS 


(In Which is Included General Correspondence) 


IMPORTANT NOTICE: If inquirers wish to receive 
replies by post, a stamped and addressed envelope must 
be included in their letter. Unless otherwise stipulated, 
it is understood that the submission of a problem 
to the Editor permits its publication in this journal. 


Ply wood 

Your excellent report of the meeting of 
the Plywood Luncheon Club on Octo- 
ber 5, when two prominent representa- 
tives from the plastics industry attended 
as chief guests, goes a long way to clear 
the air and to remove the somewhat free 
publicity of the past. 

Whether the older plywood trade is now 
married to a part of the plastic industry 
which produces an excellent glue is per- 
haps immaterial, but the plywood indus- 
try has always recognized that the 
interests of the two industries are mutual. 
As you rightly say, plywood is still ply- 
wood and not a plastic, whatever the glue 
line or bond, and this applies whether the 
panel is flat, shaped or moulded in manu- 
facture. 

As regards definitions, even before the 
war the plywood trade defined plywood 
manufactured with synthetic resin glue 
as ‘‘resin bonded,’’ and the addition of 
the word ‘‘exterior’’ merely defines a 
grade. 

In conclusion, it is doubtful whether cer- 
tain types of plywood produced before the 
war should be constructed entirely with 
resin glues or that commercial grades can 
afford a bond which, at present, is con- 
siderably higher in cost than the older 
types of glues which have proved them- 
selves satisfactory for many uses. Resin- 
bonded plywood has, however, its own 
market and one which is likely to expand 
to the benefit of both the plywood and the 
plastics industries. 

J. S. Barnes, Chairman, 
7 Plywood Section, 

The Timber Trade Federation of the 

United Kingdom. 
[Ep1ror’s Note: We did not wish to infer 
that all ‘‘internal’’ grade 


would be replaced by resin-bonded ply- 
We believe that new uses for the 


wood. 





plywood: 


latter will be found for interior work 
where ordinary plywood was never 
used. | 

Plastic Water Pipes 


Your editorial for October, 1943, dis- 
cusses plastic water pipes. You say that 
you are awaiting a courageous individual 
who will install a complete plastic water 
system in this country.. You also imply 
that figures regarding the life of old- 
fashioned metal pipes are lacking. 

As water softener manufacturers before 
this war, we collected considerable data 
about the life of metal pipes and fixtures, 
and we found that it was too often too 
short. We found that the character of 
the water handled was the main life- 
determining factor. 

Our present occupation (production of 
tools, jigs, dies and the finest gauges) has 
taught us many of the advantages plastic 
materials possess compared with metals. 
We see a future for these plastics, which 
we think ought to oust metal from the 
domestic, if not from the urban or indus- 
trial, water supply systems. 

Therefore, we want to install a com- 
plete plastic water system for experi- 
mental purposes. Eventually it would 
become the prototype of the future ideal 
domestic water system. Will you tell us 
where to get the components, and will 
you give us the references from which we 
can derive all the knowledge that has so 
far been obtained and published on the 
subject? 

If our pre-war experience is a criterion, 
the chemical or physical difficulties will 
be more easily overcome than the politi- 
cal. You may have been spared all 
dealings with autocratic water authorities. 
These authorities are allowed (by old Acts 
of Parliament) to draw up and impose on 
the public their own regulations with 
regard to what the water they supply 
shall or shall not pass through on its way 
to the consumer. The regulations they 
drew up were not all the same. Some 
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water engineers approved of one fitting 
whilst others condemn the same fitting. 

If water authorities retain their right 
to veto new productions and ideas accord- 
ing to their whims or, if they have the 
right to impose such difficult conditions 
that new developments will be hindered, 
what hope has the plastics industry of 
having plastic plumbing adopted with 
approval throughout this country? 

Can you say what steps are being taken 
by the plastics industry to ensure that 
products of good and sound design will 
not be stupidly banned by petty parish 
engineers? ; 

The domestic water system offers a 
really fine market to the plastics industry, 
and we know the domestic water system 
in all its varieties only too well. We do, 
however, at present need a very sound, 
unstinted source of technical information 
regarding plastics, which will enable our 
knowledge of water supply systems to be 
made use of in the production. of fittings 
and pipes for plastic plumbing. 

We trust, therefore, that you will 
answer for us the question we have raised 
regarding possible hindrance from water 
authorities, and that you will then give 
us the name of one or more firms which 
will provide us with information and 
materials for experiment to enable our 
common desire to be fulfilled. H.C.G. 
[Epitor’s Note: How we agree with the 

writer’s remarks! But to pretend that 
we can*fathom the minds of the water 
aythorities would be an exaggeration. 
The first step would be to bring all into 
one comprehensive body so that the 
waters, plant and apparatus in general 
would be examined by a central com- 
mittee advised by independent experts 
incorporated, say, into the Department 
of Scientific and Industrial Research. ] 





One possible great advantage of the use 
of suitable plastic water pipes would be 
that of resistance to attack by acid waters. 
It is realized that many country houses, 
which are dependent upon rain water, are 
in constant trouble from this cause and 
frequent doctoring of the water is 
resorted to. 

The many other advantages already 
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detailed by you might give good ground 
for some plastics manufacturer to install 
domestic pipes throughout a newly built 
house which was dependent upon its own 
rain or soft water supply. The question 
of plastic-lined or plastic-moulded or 
extruded gutters is also of interest. 
London. FORDYCE JONES. 





I am interested in your remarks on 
plastic water pipes in the editorial for 
October, 1943. 

I am under the impression that, without 
special support and mounting, the 
“‘creep’’ likely to be found in plastic 
pipes is still too great for consideration in 
domestic systems. But if you consider 
this has been recently overcome, and can 
put me in touch with an interested sup- 
plier, I should be grateful. 

Our own system is in need of immediats 
overhaul and*I should not in the least 
mind being ‘‘ the courageous individual’ 
to inaugurate the practical test. 

East Harting. N. G. QUINN. 


Office Fitments 

We shall be glad if you will inform us 
whether some method has been devised 
whereby timber can be wholly eliminated 
in the making of office fitments, such as 
tables, cupboards and bookcases, etc. 

We have a large demand for such fit- 
ments and shall appreciate your assistance 
in the above matter. 

Ro.ts-Royce, Ltp. 


Transparent Plastic Models 

We wish to make some transparent plas- 
tic working models of various components 
for instructional purposes and shall be 
glad if you will give us the address of 
J. Burns and Co., Ltd., who, we under- 
stand, are experienced in the making of 
models in cast Catalin. Based on a slight 
experience with the machining of cast 
phenolic plastic material, we feel that 
with suitable guidance we should be cap- 
able of making up these models ourselves. 

We shall be glad, therefore, of any 
information you can give us regarding the 
possibilities of obtaining rough castings 
in transparent material. 

THE DAIMLER Co., Ltp. 








_ cover the hard, dry bones of this 
Army nomenclature, we can now tell 
a story that marks a milestone in the life 
of the British plastics industry. 

It is a finger indicating a high point 
in mass plastic production of preci- 
sion units, satisfying the demands of the 
world’s most exacting customer, the 
Chief Inspector of Armaments; it shows 
that this country can, by its native genius 
and tradition of high-class workmanship, 
give a lead to other nations in design and 
in quality production. 

The story goes that even during the 
last war the idea of a non-metallic 
grenade was mooted. The ubiquitous 
Mills bomb with its sectioned cast-iron 
covering was an excellent weapon, but 
it was felt that a drawback lay in the facts 
that first there was insufficient blast 
effect, and secondly, that the thrower had 
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Fig. 1.—The main dimensional 
specifications for the upper 
body of the grenade. 
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to remove himself 
quickly from the 
scene in order to 
avoid _ returning 
splinters. 

So far as it 
affects us, the story 
of No. 69 begins in 


1938, when an 
official of Wool- 
wich Arsenal 


approached Thos. 
de la Rue (now 
De la Rue Plastics, 
Ltd.) with the 
object of designing 
a hand grenade, 
the body and fuze 
of which was to 
be of pressure 
moulded plastics. 
It would be too 
complicated a story 
to enter into details 
regarding the 
building up of the 
design of the sepa- 
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rate components 
until they slowly 
took the shape of 
the finished gren- 
ade and fuze. By 
1940 the designs for 
seven __ separate 
pressure mouldings 
to be made from 
phenolic resin pow- 
ders were ready. 
They consisted in 
the grenade body 
itself, known as 
No. 69, and com- 
posed of upper 
body, lower body, 
base plug, and 
filling hole plug, 
and, secondly, the 
fuze known as per- 
cussion fuze No. 
247, composed of 
a body, a screwed 
cup and a cap that 
closed over the 
grenade and fuze. 


The dimensions and tolerances of these 
units are shown in Figs. 1 and 3, which 
is the latest pattern and differs but 
slightly, e.g., in the number of knurls on 
the safety cap or cover, etc., from. the 
original design. In addition, there is a 
short bakelized tube in which the 
detonator itself is placed. 

It will be noted that each plastic com- 
ponent of the grenade possesses at least 
one thread, but the most interesting unit 
is the fuze body, which possesses three; 
a fine inner thread and two exterior ones, 
a four-start thread and a roll thread. 
With such a construction it can be 
claimed that the fuze has been made 
possible only because it can be moulded 
in plastics. Economically speaking, it 
cannot be reproduced in metal, even by 
zinc die-casting—it is a production unique 
to the plastics industry. 
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Fig. 3—The main dimensional 
specifications for the lower body. 





Fig. 5 (right).—Angle press 
using split moulds produc- 
ing the fuze body. 

Fig. 6 (below).—A close-up 
view of the moulds for the 
fuze body, used on the 
angle press. 


Fig. 7 (right).—General view of a 

number of 75-ton presses making 

the fuze body No. 247. Here, two 

five-impression moulds are em- 
ployed. 
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De La RuePla 


Fig. 4 (left)—On this 150-ton 

press and using a 12-impression 

mould this worker has produced 

about quarter - million upper 
bodies in a year. 
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Fig. 8 (above).—75-ton presses with two 
five-impression moulds for the fuze body. 


Fig. 9 (left).—Female labour on a 100-ton 
press produced the lower body. Note 
automatic safety guard. 











Fig 10 (above).—Lower body extraction from the 
100-ton phess. A five-impression mould is used here. 
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By early 1940 the first single impres- 
sion moulds had been cut and were 
ready to produce the sample grenades 
before large-scale manufacture was pro- 
ceeded with. 

Contemporaneously with this 
the problem of raw plastic material had 


work, 
come under review, and to Bakelite, 


Ltd., had been entrusted the task of 
deciding on and producing the most 
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among them being Ashdowns, Ltd., 
British Industrial Plastics, Ltd., and 


Ebonestos, Ltd. In addition to Bakelite, 
Ltd., the moulding powders are also 
being produced by James Ferguson and 
Sons, Ltd., F. A. Hughes and Co., Ltd., 
and I.C.I. (Plastics), Ltd. 

It should be mentioned here that so 
satisfactory has the percussion fuze 
No. 247 proved itself that its use is no 
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(Reproduced with permission of De la Rue Plastics, Ltd.) 


Fig. 11.—Moulded showcase containing complete analysis of the 
plastic hand grenade. 


suitable types of powder. It can be 
pointed out that, broadly speaking, two 
types of powder were needed, namely, a 
general purpose material for the safety 
cap, closing cup and base plug, and a 
medium shock-resisting material for the 
upper and lower body of the grenade and 
for the mechanism holder or fuze. 

By 1941 large-scale manufacture of the 
grenade had begun, the chief contractors 
being Thomas de la Rue, Ltd. To-day 


several other concerns are also producing, 


longer confined to the hand grenade, and 
it is now employed for a number of other 
pieces of armament. The number of 
such fuzes produced, therefore, far 
transcends that of the hand grenade. 


Production at De la Rue Plastics, Ltd. 


Since the birth of the grenade may be 
said to have taken place within these 
works, it is meet to describe production 
therein. One can also point out that 
during the bad days of the blitz in late 
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1940 and throughout 1941, most of the 
male workers on the presses, being in 
the Home Guard, had the delectable 
privilege of having to stop their presses 
and rush out to their posts at the nearby 
anti-aircraft guns, which they worked 
with even more verve and gusto than 
their presses. 

The machines engaged on the work 
may generally be summed up as 
follows:— 

(1) The upper body is made on 150-ton 
presses using 12-impression moulds. 

(2) The lower body is made on 100- 
ton presses using 5-impression moulds. 

(3) The fuze is made on 75-ton presses 
with 2 x 5-impression moulds. No. 247 
is also being made on angle presses. 

(4) Filling plugs are made on angle 
presses using 36-impression moulds. 


To those who like figures of quantities 
produced, a talk with the worker on the 
upper body shown in Fig. 4, elicited the 
information that he had been continually 
producing this unit at an average rate 
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of over 750 per day, that is about one- 
quarter of a million per annum! 

The incidence of female labour at 
De la- Rue Plastics, Ltd., is noteworthy. 
The women work the lighter type 
of presses and are a most valuable addi- 
tion to the skilled labour employed. The 
worker seen in Fig. 9 is producing the 
lower body on a 100-ton press carrying 
a five-impression mould. Here it will be 
noted that the guard is automatically 
closed and opened with the closing and 
opening of the press. 


Figs. 12 and 13.—Line and pictorial 
breakdown of No. 69 hand grenade 
showing fuze and body. 


a 
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A special section of the works fits the 
various moulded units together, intro- 
duces rubber washers and plugs at certain 
points, and in order to produce an air- 
tight structure cements the joints. 


Finally, the completed structure under- 
goes a 3} lb. per sq. in. air-pressure test 





to ensure complete closure. The grenades 
are then packed five in each of nine tubes 
into an ammunition box. 


Testing 
The specifications laid down by the 
Chief Inspector of Armaments, apart from 
dimensions, are covered by two 
sections :— 


(1) Construction 

(a) The plastic mouldings must be 
sound and free from porosity or other 
flaws. All surfaces must be smooth and 
free from burrs or sharp edges. 

(b) All threaded components must be 
a good fit and there must be no appre- 
ciable shake when a component is 
screwed half home. 
(2) Mechanical Tests 

Specimens of raw material are prepared 
and tested in accordance with Appendices 
“C”’ and “‘D”’ of B.S.S. 771. A drop 
test is also carried out on the grenades by 
dropping from a height of 3 ft. on’ to con- 
crete. They must show no sign of 
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breaking up or cracking, though a reason- 
able amount of chipping is allowed. 

To the Ministry of Supply we are 
grateful for the release to us of the com 
plete specifications to illustrate much of 
the foregoing. To De la Rue Plastics, 
Ltd., we owe our thanks for permission 
to visit the works, and to 
the Managing Director, Mr. 
H. Bridge, and the Sales 
Manager, Mr. iP ., a, 
Fletcher, of that concern, 
for the . readiness’ with 
which they placed so much 
interesting information 
before us during our visit. 


Figs. 14 and 15.—(Left) The 
final testing under air 
pressure, and (below), 
packed ammunition boxes 
containing 45 grenades. 
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INQUIRIES AND ANSWERS 
(Cont. from page 499) 

Fire Hazards in the Plastics Industry 

The article by H. Ronald Fleck in 
your October issue refers at some length 
to the use of various chemical extinguish- 
ing agents for burning liquids. 

Farther on, it mentions the fire risk 
of celluloid, but does not point out that 
water is the only satisfactory extinguisher 
for this particular plastic. Celluloid can 
fume off in the absence of air, so that 
the blanketing effect of foams is of no 
avail, but water in sufficient quantities 
quickly cools it below its decomposition 
temperature and so puts out the fire. 
The homely fire bucket, promptly used, 
fire-hoses and sprinklers are the best 
methods of dealing with a celluloid fire; 
the jet from a stirrup-pump is too small 
to be of any use. The golden rule is 
water, plenty of it and at the earliest 
possible moment. 

C. F. Merriam, Chairman, 
The British Xylonite Co., Ltd. 
London. 





As a fire protection engineer I have 
read with appreciation Mr. Fleck’s article 
in your October issue, and particulariy 
noted the emphasis placed on prevention. 
The reduction in the number of industrial 
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fires which occur daily, following the cur- 
rent advertising campaign by the Govern- 
ment, offers convincing proof of what 
can be achieved even by modest precau- 
tions in non-hazardous industries, and the 
application of Mr. Fleck’s recommenda- 
tions by the plastics industry would yield 
a promising dividend. 

In the matter of extinguishing agents 
for inflammable solvents, however, I 
believe consideration should be given 
to the use of carbon dioxide and methyl 
bromide, both of which agents are notable 
for the rapid extinction which they 
achieve, and their characteristics of 
cleanliness and absence of damage. More- 
over, with these agents the question of 
miscibility with spirits even of the ether 
class does not arise to any important 
degree, and the risk of spreading the fire 
is also ruled out. 

While in many instances the weight and 
bulk alone of the CO, equipment leaves 
the methyl bromide type an easy first, 
the former medium has definite applica- 
tions when the first consideration is to 
develop a high volume of fire-fighting 
gas—e.g., in a drying chamber contain- 
ing racks of sheets, where the surface area 
producing inflammable vapours is high. 

Richmond. J. KENNEDY. 








METALLIZING PLASTICS 
(Cont. from page 495) 
The materials represented by the 
samples tested show promise but require 
improvement in the bond between the 
layers. Material of this nature can be 
used for electrical or magnetic screening 
at the lower frequencies quite satisfac- 
torily, providing both lightness and good 
transparency. As before indicated, its 
shortcomings must not be overlooked. 
In the field of moulded plastic, almost 
unlimited examples of moulded ‘‘ cores”’ 
can be cited. The zinc-base diecast steer- 
ing wheel covered by moulded phenolic 
resin composition exemplifies the advant- 
age taken of two utility materials, two 
modern processes, giving strength, beauty 
of finish, comfort in handling and mini- 


mized moisture condensation. Shafts for 
stirring gear in the chemical industries, 
using steel for strength and either Kee- 
bush or Haveg moulded covering, 
illustrate the phenolic resin compositions 
giving service against strongly corrosive 
chemicals. The moulded piunger of the 
modern telephone desk set comprises a 
steel insert, its extremity a ‘‘ bearing,’’ 
and the remainder for reinforcement, is 
produced using phenolic or amino thermo- 
setting moulding powders, or cellulose 
acetate or methacrylic thermosetting 
varieties. Again, one form of head 
receiver uses phenolic resin moulding 
powder moulded around a steel shell (zinc 
or cadmium plated), the latter being used 
for electro-magnetic purposes. 


(To be continued.) 
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PRODUCTION 
NEwsS 


DRAUGHT GAUGES FOR STEAM 
BOILERS.—The vital importance of coal 
economy emphasizes the fact that it is 
impossible to obtain the most economical 
results with steam boiler plant, even of the 
smallest size, without some methods of 
scientific control. One of the simplest but 
most essential instruments is the draught 
gauge, which in the ordinary U-tube form, 
however, is not very sensitive. 

Much interest attaches in this connection 
to the ‘‘ Arkon ’’ inclined gauge made by 
Walker, Crosweller and Co., Ltd., Chelten- 
ham (Glos), which reads easily by inter- 
polation to 100th of an inch W.G. 

In basic principle this is a glass U tube 
with one short arm vertical and a very long 
inclined arm, the liquid being red oil, the 
arrangement being fixed in front of an 
easily readable white enamel scale, with 
prominent divisions and figures in black, 
including a screw for zero setting. 

The instrument is available in two general 
types, that is (1) portable, and (2) fixed 
wall. For example, the portable type is a 
small and néat instrument in a substantial 
brass case, finished in stoved black frosted 
enamel, in use being placed on a convenient 
horizontal surface by means of an adjust- 
able three-point support, and made level as 
indicated by a small spirit level inside the 
instrument. The inclined glass gauge tube 
(and therefore the instrument) may be sup- 
plied in various lengths, but the standard 
portable type mostly ‘used has an inclined 
glass gauge with white enamel scale 10 ins. 
long, giving an overall reading of 1 in. 
W.G., that is a magnification of 1:10 with 
the scale sub-divided into 100th of an inch. 
The inclined glass tube is held at each end 
in a gland or stuffing box that is not 
cemented in, which means it can easily be 
replaced, whilst in the top of the instrument 
there are two cocks and nipples forming 
the tops of the U tube, the one next to the 
upper end of the glass gauge being con- 
nected tg the draught, using a length of 
rubber tube, whilst the other is open to the 
atmosphere, these nipples being }-in. dia- 
meter. Further, there is provided a short 
steel tube for insertjon in the brickwork of 
the boiler setting at any desired point con- 
nected by the rubber tube to the gauge, 
placed at any convenient adjacent position. 
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Raw Materials, New Plant, Works 
Organization, Control Apparatus, 
Research, Personal and Trade Notes 


E, K. COLE, LTD.—We are advised of 
the addition of two directors to the Board. 
They are Mr. A. G. Allen and Mr. N, C. 
Robertson. Mr. N. C. Robertson is director 
and general works manager and his head- 
quarters are at head office, E. K. Cole, Ltd., 
Aston Clinton, Bucks. He has been with 
Ekco since 1930 and since the war has been 
works manager. A further Ekco announce- 
ment names Mr, A. W. Martin as chief 
engineer of the company. . Mr. Martin has 
been with Ekco since 1928 and, as assistant 
chief engineer, has been responsible for many 
important technical and design develop- 
ments. 


VINYL PRODUCTS LTD. have moved 
from Brentford to their new head office at 
Butterhill, Carshalton, Surrey. Telephone: 
Wallington 5333. 


INSTITUTE NEWS.—The Southern Sec- 
tion of the Institute of the Plastics Industry 
has issued the following notes:— 

Membership at the present time is 107. 
Our programme for the future includes the 
following lectures:— 

Wednesday, November 17, 7.0 p.m., at 
the Polygon Hotel, Southampton, Mr. M. D. 
Curwen speaking on ‘‘ The Future of 
Plastics.’’ 

Wednesday, December 15, 7.0 p.m., at the 
Polygon Hotel, Southampton, Mr. S. R. 
Devlin speaking on ‘‘Cast Resins in 
Industry.”’ 

During October, on MJhursday, 7th, 
Dr. Barron lectured on plastics at Ports- 
mouth. 


EDUCATION.—The educational classes 
at the University College, Southampton, 
have started extremely well. “More than 100 
students had registered for the Friday even- 
ing general course on Plastics, given by Dr. 
Barron. Attendances at the first two 
lectures were 105 and 102 respectively. 

Registrations for the Saturday afternoon 
‘“Chemistry of Plastics ’’ course numbered 
65. 

The attendance on the first Plastics 
Engineering course held on Saturday after- 
noons was 82. 

Arrangements are in hand for starting 
courses both at Portsmouth and at Bourne- 
mouth in the near future. 
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POLYMETHYL METHACRYLATE 


This is a photograph of the granular form of polymethyl methacrylate 
the from which “Diakon” moulding powders are made. “ Diakon” 
moulding powders enable very attractive mouldings to be produced in 
clear material or in a varied range of transparent or translucent colours 
th, of good mechanical and electrical properties, and low water absorption. 


4 Mouldings can be made by the injection or compression technique. 

ses A new “ Diakon ” known as “ Diakon ” G has been introduced which 
sas is suitable for injection moulding machines not capable of producing 
en- the rather higher pressures required for “ Diakon” D and “Diakon” F. 
Dr. 

wo Polymethyl methacrylate is available not only as “ Diakon” moulding 
7 powder, but as “Perspex” transparent sheet. It is only one of the 
red many plastic products made by I.C.I. who invite enquiries from 
ms manufacturers, engineers and designers interested in their application. 
fer- 

v¢ | IMPERIAL CHEMICAL INDUSTRIES LIMITED 
ne- Sales Offices at Mill Hill, London, N.W.7: Oldbury, near Birmingham; Alderley Edge, Cheshire ; 


Bristol ; York; Newcastle-on-Tyne; Leicester; Bradford; Glasgow; Belfast; Dublin. 
P.130 
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FROM FINE FINISHES 


The well-known CELLON range of products has been 
built up largely by the rapidity with which the CELLON 
technicians appreciate the importance of new innovations 


and new industries. 


The rapid’ increase in the use of Plastics presents 
intricate but surmountable problems and, in fact, CELLON 
Finishes and Thermo-Plastic Adhesives have already 


been devised for many -special purposes. 


CONSULT CELLON on all problems of finishing or 
jointing materials, and let them give you the benefit of 
their experience in this and other fields. The address is 


Cellon Ltd., Kingston-on-Thames, Surrey. 'Phone Kingston 1234 


TO FINE ADHESIVES 


CELLON 


CERRIC CERRas 
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Costs in Moulding Production 
—The Influence of Batch-Quantity 


By W. M. HALLIDAY 


Inadequate Appreciation is Very Often Afforded to the Question of Batch- 
Quantity and Effects Upon Cost by the Purchaser of Plastic Mouldings. 
This Article Illustrates Various Important Aspects Worthy of Consideration 
and Likely to Prove Useful in Guiding Selection of Economic Quantities 


HE various well-known manufacturing 

methods for the making of moulded 
plastic products are each _ essentially 
quantity-production processes, and as in 
all other similar production systems 
involving the use of costly, complex, 
precision-constructed tools for ensuring 
rapid production of accurate or uniform 
components, the effects of numbers that 
are to be produced are both striking and 
economically important. 

Particularly is this found to be the case 
in respect of plastic moulding where 
expensive and intricate moulds are 
employed, whose manufacture usually 
involves considerable financial outlay, 
expenditure of much skilled labour and 
time. 

Because of this fact of mould manu- 
facture and costs the size of batch on 
order or proposed order is of consider- 
able importance to the moulding manu- 
facturer who obviously must take close 
cognizance of the number of parts he is 
requested to make relative to the neces- 
sary moulds and other tools, etc., 
entailed. 

Incidentally, this matter of quantities 
is one which very materially concerns the 
prospective user who therefore should be 
somewhat conversant with the essential 
features of moulding production, 
methods, and general technique to enable 
him correctly to appraise the effects of 
quantity production upon the cost of 
mouldings. 

The purpose of this article is to view 
moulding procedure from this particular 
angle to indicate how economies may be 


effected by closer attention to batch 
quantities. In passing will be noted the 
responsibilities for correct determination 
of economical quantities falling to the lot 
of both would-be user and the moulding 
manufacturer. 

The problem will be approached from 
the following related angles:— 

(1) The Proportional Cost. This will 
be represented by the cost of mould con- 
struction and other secondary tools, and 
their relation to total cost. 

(2) The Possibilities of Multiple Cavity 
Moulds. 

(3) Raw Materials, Storage, etc. 

(4) Overheads. 

(5) Balancing of Moulder’s Order 
Book. Very often this latter condition 
will be one greatly influencing the 
moulding manufacturer’s eagerness or 
otherwise to accept the order. 


(1) The Proportional Cost 


A correctly designed, well balanced, 
soundly constructed and accurate mould 
produced by skilled toolmakers combines 
to promote not only the moulder’s 
interests but also those of the prospective 
user, hence both parties have a direct 
and distinct interest in the promotion of 
precision and incidentally well- 
remunerated toolmaking. 

On the other hand, a badly designed 
mould, or one poorly constructed, may 
not only involve the moulding engineer 
in a considerable amount of trouble, 
worry and expense due to faulty or 
delayed production, waste and loss, but 
also will incur some disappointment to 
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the user because of departures from his 
original and anticipated requirements. 

It is quite possible for a poorly con- 
structed mould to produce a few thousand 
acceptable articles, but nevertheless it 
will have a high and rapid depreciation 
rate, involving both a speedy loss of 
accuracy and finish, whilst hole sizes and 
location will lose their initial positions, 
and flash tends to increase, which in 
turn involves increased trimming and 
finishing operations being necessary for 
the completion of moulded parts. 

On an inferior mould minute hair-like 
cracks will rapidly form on all the highly 
polished surfaces of mould cavities which 
will reproduce undesirable surface finish 
on the mouldings produced. 

In addition, a further important con- 
sideration to be borne in mind respecting 
mould manufacture is that a cheap 
moulding tool is far more liable to 
repeated breakdown or minor misadjust- 
ment. The true cost of such a tool, 
therefore, is rightly to be measured not 
solely by the initial charge made for it, 
but must be inclusive of the value of both 
time, money and materials needed to 
maintain it in satisfactory production so 
as to stand up to service conditions 
throughout production of the whole batch 
of moulded parts ordered. 

For the benefit of inexperienced users 
and in order the better to illustrate the 
amount of time and skilled activity which 
usually has to be bestowed upon any 
moulding project, it will be interesting to 
catalogue briefly the various stages or 
phases in its manufacture before produc- 
tion is possible. 

(a) First the moulded article is very 
accurately modelled, or laid out on the 
drawing-board so as to show exactly 
what the moulder plans to produce. At 
this stage all anticipated undesirable 
moulding features are modified, corrected 
or eliminated in agreement with the user. 

(b) The essentials of mould design are 
then evolved by the close consideration of 
the chief engineer, tool-making foreman, 
and draughtsmen together in consulta- 
tion. Selection of best materials, methods 
of manufacture of moulds, and their con- 
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structional details will be settled at this 
stage. 

(c) Meanwhile the forgings for the 
mould-blocks will have been ordered, 
these being large enough to embrace satis- 
factorily the overall dimensions of finished 
moulded part. When these forgings are 
received they are then shaped, surface- 
ground accurately with sides dead square, 
the ensuing machining operations neces- 
sary for formation of matrices, runners, 
etc., are then performed upon accurate 
jig-boring machines which are capable of 
producing hole sizes, and location to each 
other within extremely fine limits of error. 

(d) Upon intricately shaped mould 
constructions this machining and die- 
sinking operation may last anywhere from 
one week to a dozen or even more in 
exceptional cases, this period, of course, 
being directly dependent upon the com- 
plexity of mould cavity and contours. 
Throughout this time highly skilled and 
experienced operators will have to give 
their closest attention to the work, as 
well as the additional highly technical 
supervision which is necessary for the 
guidance of all such machining activities. 

(e) In this connection it should be 
borne in mind that the overhead charges 
entailed upon a well-equipped tool-room 
staffed with competent and experienced 
toolmakers and up-to-date machines will 
be in the region of 150 per cent. to 200 
per cent. 

(f) Also it is worth pointing out for the 
guidance of some purchasers who are apt 
to be misled by the appearance of a 
finished mould for which they feel they 
have been made to pay a lot of money, 
that on many moulds, especially multiple 
cavity tools, usually there is a large 
amount of ‘‘ invisible ’’ work. This lies 
in the way of auxiliary tools, cutters, 
checking fixtures, water-cooling channels, 
intricate coring, ejector mechanism, and 
the like, the provision of which features 
will absorb large tracts of the skilled 
machinist’s time, and which work will 
certainly not be plainly revealed by a 
cursory examination of the completely 
assembled mould in readiness for pro- 
duction. 
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It is a pity that when new materials come along there is always 
somebody who wants to make them look what they’re not. You 
couldn’t have anything much more satisfactory than the smooth 
finish and beautiful colour of many Plastic articles yet so often 
have there been attempts to make them look like walnut, mahogany, 
marble, or some other natural material. Some BEETLE mouldings 
have been described as “imitation ivory” simply because they 
are ivory in colour and are smooth and lustrous — you might just 
as well call anything black, “ imitation jet.” 

All this is a pity because BEETLE is not an imitation or a sub- 
stitute for anything — it is a modern material quite able to stand 
up for itself on its own merits. It has its limitations, like every- 
thing else. It is much cheaper than the rare materials but more 
expensive than the common. Choose Plastics for the jobs they can 
do best, choose them for their own attractiveness and not because 


they can be made to look what they’re not. 





ERITISH INDUSTRIAL PLASTICS LIMITED - ONE ARGYLL STREET - LONDON W 
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Doing 
the job! 


It is not always a question of metal 









substitution. Plastics correctly adapted 
may be the right material for the job. 
Save those machining operations. Have 
it moulded by :— 


SLOUGH, BUCKS Telephone: Slough 22349 
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CAMBERWELL BEAUTY 
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Thus a client needs to proceed with 
some caution before venturing upon any 
criticism of a mould cost. 

(g) When the mould is completed con- 
structionally but prior to its final harden- 
ing and polishing, it is attached to 
the platens of the machine, set-up and 
a number of mouldings run off to provide 
some indication of its accuracy and capa- 
city to produce articles in conformity with 
the customer’s requirements. 

But rarely does it happen that a mould 
at this stage is found to be correct or 
satisfactory in every detail or on all 
counts. Very often it has to be once more 
removed from the machine and returned 
to the tool-room for slight modifications, 
adjustment of parts, alteration of air 
vents, deepening of runners, or gating, 
and easement of the working mechanism 
to ensure smoother operation. 

(h) After such adjustments to the 
mould have been satisfactorily effected it 
is once again set-up on the machine and a 
further supply of moulded articles pro- 
duced, which if found to be satisfactory 
are then submitted to the client for his 
approval or comments. 

When such approval has been obtained 
the mould is then removed again from 
the machine, dismantled, and the mould 
blocks and other necessary members very 
carefully hardened. Finally upon com- 
pletion of this heat treatment the mould 
cavities are then polished and given the 
requisite lustre, whilst the mating faces 
of blocks are lapped to obtain proper 
seal. The mould is then finally assembled 
together and is ready for production. 

(i) But even then full-scale production 
at calculated rates upon which the esti- 
mate is based will not be reached for 
some time, as in the early stages of work- 
ing of the mould its performance and 
handling must be likened to that of 
Tunning-in an engine. 

This running-in is a vitally necessary 
process and naturally entails considerable 
expenditure of both time and _ skilled 
attention. When this stage has been com- 
pleted satisfactorily, improved surface 
finish to the mould matrix and longer 
operating life will have been ensured. 
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A new mould, however, no matter how 
well polished, possesses innumerable 
microscopic projections, marks, and slight 
surface imperfections which gradually 
wear off when the mould has been in use 
for some time. Thus the longer a mould 
is worked the brighter and smoother 
will the cavity surfaces become. This 
results in’ a reduced tendency for the 
finished moulding to hang or stick in the 
cavity during ejection stages of the pro- 
duction cycle. Distortion of the finished 
moulding is thereby greatly diminished. 

Throughout this working-in stage the 
pressure and temperature of moulds, as 
well as the speed of operation of the 
press, are slowly and gradually built up 
over a period of several days. Thus the 
first day’s output may be only 150 
to 200 parts, followed on the next 
day with perhaps twice this amount, 
increasing similarly daily until a maxi- 
mum production has been obtained. 

The diagram (see page 512) has been 
drawn up in order to illustrate graphically 
the various stages in the execution of an 
order for mouldings, such as design and 
manufacture of moulds, testing, running- 
in and production, etc. The batch quan- 
tity of mouldings was 20,000. The chart 
shows clearly the relationship between 
batch and time-cost on such an order, as 
well as indicating the relative cost and 
time necessary to cover the stages. 

Careful study of this diagram, remem- 
bering the points just made regarding 
running-in time, adjustments and so forth 
before full production can be reached, will 
show that even if the cost of the moulds 
is completely overlooked the cost of pro- 
ducing the first 1,000 mouldings may 
easily, and indeed often is, double the 
cost for the last few thousand of the 
order, when everything is working 
smoothly. In some instances of intricate 
moulds and complex moulding shapes the 
cost of the first thousand articles may be 
five and even as much as eight times the 
cost of the last thousand. 


2. Multiple-cavity Moulds 


The foregoing sketch refers to a single- 
impression mould, but similar application 
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may be made to a multiple impression 
tool. In this latter case, obviously the 
cost of the mould will be very consider- 
ably greater, likewise with the cost of 
setting-up, testing, adjustment and 
running-in. But where a batch order of, 
say, 200,000 mouldings are to be pro- 
duced, very important economies will be 
secured in spite of such increased mould, 
tool and setting costs. 

(1) Assembly Mouldings. — Another 
very fruitful means for effecting appre- 
ciable economies arises where a number of 
mouldings of different shape, etc., are 
required to comprise a single assembly 
set. In the case of multiple impression 
moulds it is often possible so to construct 
them as to produce together a complete 
set of parts in one mould. Thus at each 
cycle of production one complete 
assembly set will be made. 

(2) Another important consideration 
which the moulding engineer must bear 
in mind in respect of decisions as to 
single or multiple-cavity moulds is 
whether a single-cavity tool on, say, even 
a modest batch quantity is going to tie 
up his production presses for too long a 
period as to cause him difficulties with 
other work on order or contract. Or, 
again, will the manufacture of a multiple- 
cavity mould entail the use of essential 
manufacturing plant and skilled labour 
for too long a time permissible with state 
of orders for other customers. Such 
questions have to be considered and a 
balance struck, but generally the moulder 
will find more latitude available if the 
quantity of moulded articles is large 
rather than small, because he can then 
usually arrange for and undertake to pro- 
duce and supply a certain number 
monthly, the cost of such regular set-up 
being more than justified by the quanti- 
ties to be made. 


3. Raw Materials, Storage, etc. 

When having to purchase supplies for 
a manufacturing operation, large quan- 
tities of such raw materials can usually 
be obtained more conveniently and 
decidedly more cheaply than small-scale 
requirements. 
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Transport is also correspondingly less 
per unit if large bulk is being handled. 

Where the moulder has an order to 
supply large batches of mouldings, some 
of the economies he effects by purchase 
of the raw material will be passed on. 

A further important item to  pro- 
mote economies and reduce cost relates 
to the storage of moulding powder and 
other supplies. Usually where a moulder 
only handles small quantities as are 
entailed with small batch production the 
storage facilities permissible are not of 
the best. Of the other where large quan- 
tities of supplies of such materials have 
to be obtained, properly designed storage 
containers and system will be initiated. 

This is essential because a number of 
snags arise in respect of storing such 
powders. Some tend to absorb water 
which in turn produces considerable diffi- 
culties during moulding. Others if sub- 
jected to heat may be damaged and 
rendered somewhat unsuitable for mould- 
ing. Thus large supplies of powders 
necessarily involve proper provision for 
their effective storage on the moulder’s 
premises. 

Very often, too, the cost of materials 
needed for secondary or final finishing 
processes, in the form of paints, lacquers, 
polishes, .etc., can be reduced by reason 
of the bulk purchase possible. 

Similarly, too, with respect of inspec- 
tion and other tools needed for checking 
and finishing off mouldings, the mould- 
ing engineer will be enabled to provide 
more substantial and durable tools cap- 
able of lasting longer, or maintaining 
their accuracy. Use of such tools will in 
turn show some economies which are 
bound to be reflected to the advantage of 
the customer indirectly in the form of 
better and more uniform product, if not 
directly by reduced financial charge. 

Again, too, some economy can usually 
be effected in the amount of paper and 
clerical work involved both in the works 
and office in connection with an order of 
large quantities of parts as against that 
of a small number. Usually the number 
of documents, reports, forms, and so on 
needed to maintain track of an order are 
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the same whether it is one for 500 com- 
ponents or 25,000. 


4. The State of Order Book of Moulder 


As already briefly intimated, another 
very important aspect of moulding prac- 
tice directly affected by batch quantity 
lies in the relationship which any possible 
order, if accepted, will bear to existing 
orders already on the moulder’s book. 

The far-sighted mouldings manufac- 
turer will constantly strive so to plan his 
order acceptances as will provide a 
reliable background of work ensuring uni- 
form pressure upon all sections of his 
plant, coupled with a foreground of a suit- 
able number of small-scale orders of new 
contacts or fresh developments. No 
moulder will wisely concentrate the 
greater portion of his production activities 
upon small batch orders. 

The development of a plastic moulding 
from the user’s conception stage to the 
manufacture of the mould, its setting-up, 
Tunning-in, testing for accuracy, and 
readiness for production, occupies, let us 
say, five weeks of the tool-making section 
of the works organization. 

Now, if only, say, 2,000 mouldings 
were to be required from the mould, the 
work falling upon the moulding shop 
would, at the most, be five days. If, how- 
ever, the order were ten times as big, the 
moulding shop would find itself occupied 
for at least 14 months continuously. 

Thus, from the moulder’s. angle, were 
he to accept orders for a succession of 
small batches, say, up to 2,000 compo- 
nents each, it would inevitably result in 
throwing his plant completely out of 
balance. There would, on the one hand, 
be too great a congestion in the tool- 
making departments engaged upon the 
manufacture of the moulds and other 
necessary tools, and, on the other hand, 
slackness and under-employment in the 
moulding, departments due to the small- 
ness of batches required. 

The moulder then would find himself 
having large volumes of highly skilled 
work on which necessarily the profit mar- 
gin was fine or non-existent. 
Consequently, those potential users of 
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mouldings, when determining the size of 
their order, should realize that some 
influence upon the price of the moulded 
article is often affected by the desire of 
the moulding manufacturer to maintain 
an economic balance between the two 
fundamental sections of his business, i.e., 
tool-making and moulding proper. 

It is obviously not possible to lay down 
hard and fast rules as to the size of batch 
quantity below which it becomes uneco- 
nomical to mould, but experience would 
incline to the view that the fullest advan- 
tages cannot be derived from the mould- 
ing processes on quantities smaller than 
1,000 articles. 

There are instances, of course, where, 
because of the peculiarities or special 
requirements of a moulding, distinct 
financial advantages will be gained on 
such a small quantity, but, generally 
speaking, orders, to be capable of reaping 
the full benefits of the process, should be 
considerably greater. 


5. Conclusion 


Although much more might be written 
touching upon the several other less- 
influential factors by which cost is 
affected by batch quantity, enough will 
have been written to indicate the need for 
the customer giving this his closest atten- 
tion at the time of placing the initial 
order. 

The practice of placing an order for, 
say, 15,000 mouldings, giving no indica- 
tion as to what repeats the moulder can 
expect, and then to come along at the end 
of a year with an order for a further 
25,000 mouldings, is one likely to cause 
the moulder considerable worry for the 
reasons previously mentioned, and is not 
action conducive to the development of 
an entirely satisfactory moulded article. 

Prospective users of plastic mouldings 
should, wherever possible, impart to the 
moulder at the time of placing the initial 
order some indications of their likely 
weekly or monthly requirements over an 
ensuing yearly period, so that the costs 
may be determined on the basis of the 
whole order, but storage and delivery 
arranged on periodical requirements. 
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Resinoids and Other Plastics 
as Film Formers po 2 J. BRAJNIKOFF, 


XXI.—Mathematics of Polymerization 


gene reflects concrete relationships by means of functional analysis. On 
the state of mathematics, on its capacity to solve one or another problem, depends, 
to a considerable degree, the possibility of the further development of natural sciences 
and technology. Indeed, almost every problem, in so far as it has any bearing on 
technique, must ultimately lead to some calculating process. The tools of calculus 
are surprisingly effective, but well-defined and clear ideas are absolutely essential in 
order to render the methods of their operation duly productive. 

Realizing the power of mathematical tools, Staudinger*! and his collaborators have 
carried out extensive researches with the object of finding the most efficient ways of 
their application to the study of high polymers, so as to place their treatment on a 
mathematical basis. 

The examination of equations and the accompanying curves substantiating the 
results of the investigations of polymerization, as presented herein, makes it unneces- 
sary to stress their significance to the research worker. Of special advantage are 
those data to the plastics technologist, who is concerned with the development of 
coating media from synthetic resins, since with their aid he is in a position to obtain 
the numerical values for plotting curves and constructing nomograms or align- 
ment charts, designed for application to any set of conditions encountered in the 
solution of a large number of industrial problems. By means of these considerations 
the investigator is better armed for treating such processes as the preparation of new 
and improved film-forming or impregnating agents, and kindred formulations, 
determining their consistency, the optimum polymerization, etc., through interpola- 
tion or extrapolation. They also facilitate the discovery of laws connecting the 
results, thus not only lessening the labour of computation but also enhancing the 
efficiency as well as the value of research work. 

In accordance with Staudinger’s experimental work, which has already been dealt 
with in detail in Sections VII to IX, polymerization should be regarded as a certain 
chain process. Experiments show*!! that the secondary reaction, which leads to the 
desactivation of a polymeric molecule, must be considered as the interaction between 
the polymeric molecule and the molecule of the monomer. This follows from the fact 
of constancy of the average molecular weight as determined by means of the specific 
viscosity of the solutions of the polymerizate taken at the various stages of the 
process. Thus, the character of the distribution of the number of molecules according 
to the degrees of the polymerization is.established from the very start of the poly- 
merization process. 

The mathematical treatment of the chain concept of polymerization mechanics 
may be found in the works of Dostal and Mark®!? as well as in researches of Schulz.3!0 
However, in the analytical scheme, as has been developed by Dostal and Mark, there 
exists no intermediate stage, i.e., the mechanism of the breaking of chains, which 
would regulate their evolution, although the experiments definitely indicate that the 
process of polymerization comprises, as its constituent part, the reaction of chain 
disruption (desactivation). In this respect Schulz’s work represents a distinct and 
fruitful step forward. By adopting the mechanism that takes account of chain break- 
ing, Schulz obtained the function of distribution, which well agrees with the results 
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of experimental observation; however, in Schulz’s treatment the equations of kinetics 
play no role in the derivation of the distribution function. Indeed, in this case the 
function of distribution may be obtained by making resort to the notion of mathe- 
matical expectation of the degree of polymerization j. If we denote by a, the prob- 
ability of the continuation of the chain, then the mathematical expectation of the 
value j will be equal to: 


” 
- J ja'd, | 


J [o-) 


si aid, 


o 


“eae 


By the definition of the mean value, between the number, N of the polymeric 
molecules and the number N, of the monomeric molecules, there exists the relation- 
al n=, 

j 
Further, we have: dN = k a'd;, where k is a constant. 


N=k f aid) = — N, log a, 


k = N, log’ a 
and dN = N, log’ a a’d,, 
i.e., the Schulz’s distribution function. 

Thus the function of distribution, as derived by Schulz is valid only for the final 
distribution (t = @), which is established as a result of the total expenditure of 
monomeric substance. The time factor is excluded from the consideration, since 
the kinetics equations are not called into play. 

With a view to filling in the gap existing in the mathematic treatment of the 
polymerization process, Marey®!3 (of the Frenkel’s school8 at the Leningrad Physico- 
Technical Institute) has recently evolved the solution of the polymerization problem 
with chain disruption, based upon the general equations of kinetics. By approaching 
the question from this angle it is possible to arrive at the results, which depict the 
development of the process in time, namely, the time function of the distribution, 
the velocity of the polymerization, and breaking of chains as functions of time, etc. As 
a basis of the treatment there is laid down the monomolecular case of the formation of 
nuclei, which is met with most frequently in practice (e.g., in catalytic polymerization 
and photo-polymerization). Furthermore, it should be remarked that the attack on 
the problem from the standpoint of bimolecular nucleus formation does not lead to 
substantially new results. 


Chain Polymerization with the Disruption of Chains 
Let us denote the initial unsaturated molecule of the monomer by S. The scheme 
of polymerization as well as the breaking of chains may be expressed in the following 
manner: 








The Polymerization Scheme : The Disruption Scheme : 
*$+xX-—S s+8.—>S, 
s'+S8S,—-—>S S +S8,—> §; 
S; + $—> Sia. Ss +S ——> Sy41 





(The dotted lines denote the other series of the scheme ——-——>>) 
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where S$} symbolizes the excited polymeric molecule of the degree of polymeriza- 
tion j, §,—the polymeric isomerized molecule with degree of polymerization j. 
Let us denote by M; the number of excited molecules of degree of polymerization j, 
and by M,— the number of non-excited such molecules. We see, that in conformity 
with the scheme as expressed above, the chain-excited molecule of any degree of 
polymerization has the possibility of evolving in two ways: (1) it can polymerize 
farther, without losing the excitation, and (2) the subsequent act of polymerization 
may be associated with loss of excitation. With these stipulations and notations we 
will have the following system of differential equations of kinetics: 








ao = aM, — (k, + k.) MM; 

an = k,M.Mi — (k, + k.) MM; 

- «aes: sic ao ia 
uh = k,M,M;-1 — (ki + ks) M.M; 


in which a, k, and k, are respectively the constants of the reaction of activation, 
polymerization and disruption, M,—the quantity of monomeric particles. In order 
to render the derived system of equations linear, let us introduce a new variable Z in. 
the following manner: 


dZ = (k, + ke) M,dt (2) 
The system of equations (1} will then take the form: 
-—-. “« 
_ 
ae 
az — PM: — Ms (3) 
dM; . , 
VA = BM). — M; 
in a 
where — k, + k.” (4) 
ee 
~~ orh ©) 


Thus the question is reduced to the integration of an infinite system of linear 
differential equations. It may be noted that when t = 0, Z = 0, then 


Z = (ki + ks) f Madt. (6) 


Furthermore, when Z = 0 all the values of M;: and also those of M; equal zero. 
The integration of the system (3) under these initial conditions gives: 


M; = «f'-'e"’V,, (7) 
where Y, is determined from the relationship : 
Ve 


a6 — I, az Vin (8) 
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Integrating (8), we obtain: 


= $2 9) 
7 pl 
(where the symbol denotes factorial), 
* ij — =-1 e® = Z?P 
and M; = 4 rs (10) 
Since the breaking of chains proceeds nniiias to the. scheme 
Sy-1 + s.--> S, 
then for the disruption process we have the following system of equations: 
dM 
“dt ae = k,.MiM;- 1 
or according to (2): 
dM,;_ _siks 
M;- ee 1] 
“dZ  &£§+h +k j-1 j= ) (11) 
o 79 
Since M)-, = ¢f'*e” =. 
j-1 PI 
dM; 22 
then > = * (I-A) fre “Aa (12) 
j-1 
ZP 


S$ 
: “ 2S 
The function f (Z, j) = a , (13) 
can be replaced with the higher approximation by the step-wise function, the greater 
oe P 8 PP if P 8 
1s . 


— 





WatZ<j— 1. 
This is based on the fact that the value of the sum of the series 
2. 7P 
rr 34 
p! 


is conditioned, chiefly, by those terms of the series, the number of which is in the 
neighbourhood of Z = p. Therefore, for the value of the remainder of the series the 
essential question is whether or not it contains a term, whose magnitude is Z =p. 
In the event, if it comprises this term, it may be approximated by the total sum, in 
the reverse case—by zero. 

By introducing the value of this approximation into the equation (12), we then 
have: 


Sy = Ba (I-A) eZ) 


M, = a(l — > [see paz + fez az]. 


The first integral equals zero, since throughout the region of the integration there 
is fulfilled the inequality Z <j — 1, the second integral gives Z — j + 1+, and, as 
the constant of integration is being found from the condition that Z = 0 all M, are 








wi 


of 


rel 


sin 


un 


the 


cis 





NOVEMBER, 1943 PLASTICS 519 


equal to zero, we finally obtain: 
M, = 2-7 (14) 
yk + ke ™ 
Hence, the quantities of M, increase linearly with the parameter Z; however, the 
slope angles of the straight lines (or the tangent’ of the inclination the straight line 
makes with the Z-axis) decrease as they approach the greater values of Z, for B < 1. 
The expression M, may be conveniently arranged in the following form: 


M, = (z) iz) BZ: (15) 


The derived function of distribution contains the factor B;. This factor is identical 
with the factor a, of the distribution function as worked by Schulz. 


The Estimation of Activated Particles Regardless of the Degree of the 
Polymerization 
In order to obtain the number of particles present in the activated state, irrespective 
of the value of the degree of the polymerization, we have: 


Z pI 


N=SMj=ae#S (0 S51) 00S (FF =gafee—l]. 06 


The amount of monomeric particles forming the activated state is derived from the 
relationship : 


@ © o 7 ae“? @ Z} 
>. iM; = ae” > io3 $5) =@— 1 = Ge — 8 — B+ 1)F, 
1 1 j 1 
since their common term of the series is of the form: 
2. Z 
> iP a 
1 
g 2 eit — i — A +I 
d i = Bao i — 5) 
and 2 i? =B 3g 2. =B 


f°) 
Calculating the sums entering in the expression > jM;, we obtain : 





> iM =@G—oF [ ze ~ ah ~ 4 | (17) 


Let us assume that the initial quantity of the monomeric substance is equal to 
unity. In this case the value M, is given by the expression : 


oo 
M. = 1 — 24M — > G+ 1) Muss (18) 
The separate values of M, are dutivable as a result of the approximate solution of 


the equation (11); however, , 2jM}, and also 2jM, may be obtained with pre- 
cision.: For this purpose we use the following relation: 


dMy 1 _ ii 
ee = (1 - AM G = 12,3... (19) 


Summating this system of equations, we obtain: 


z[2Mu] <0 -9 SM 
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or, by taking into consideration (16) : 


4 [Sm] -—» f= 9) 


The integration of this equation gives: 


oo l e2(8—1) 
ee oes ee on 


Multiplying the relationship (19) by (j + 1) and integrating: 


> i+ Ma =a7=H |e A (2 — 24) +20-AM+5=4|- (21) 


Substituting (17) and (21) in (18) gives: 


M=1~ gp? +0-ae-az-i]- 


To pass from Z to t, let us break down the function e2‘s—" intoa series and restrict 
this operation to the three terms of the series (8 — 1 is near to zero, since 









































k,), then 
—a (z — £ (23) 
240t=. 18 
and t= log i ( Viya (24) 
Va? + 2a (ki + k,) ( | *-) ee 
Solving the derived expression with respect to Z, we have: 
7 eo Va t+ 2a (ki + ke) t 
i= Va(2 +a) (+4 se Va - an lidimeaae oe a (25) 
v2 + a v2 +a 
The limiting value Z = Z, is obtained from the last expression. as lim Z; 
t—> @ 
— z= (26) 
this gives: Vv a(2 + a) 


For the later moments of the polymerization time we can in the expression (23) 
neglect the value of Z compared to Z?. 


2 
Then we will obtain for t a similar expression : 
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Generalized Expression for Mechanism of Polymerization 
Thus, the function. of distribution (15) may be expressed in the following form: 


aes J bite [ta + ky % #], 


i.e., for the later time intervals of the process the increase of the number of isomerized 
molecules obeys the law of the hyperbolic tangent. 
The graphical illustration of this function is given in Fig. 1. 


Figure 2 illustrates the distribution of the quantity of a substance depending upon 
the degree of polymerization at various time intervals of the reaction. The compari- 
son of these curves shows that in the polymeric mixture the molecules with a low 
degree of polymerization are met with more frequently. However, with regard to 
the mass they play a negligible role. On, the contrary, the predominant types are 
those of higher polymers, whose values are within the maximum range of the 


function jP’ (Fig. 2). 
In the graphical representation of the derived interdependence of the factors 
involved, the ratio e is taken equal to.* — |Q-*as computed by Dostal and 
1 


ki 
Mark.312 
Taking into consideration the known relationships, as given by the theory of Schulz,310 


} es andj, = 2) , where = stands for the degree of polymerization determined 


ai J 
Se basis of measuring the specific viscosity, it is then possible, knowing the energy 
of the activation of the monomeric substance, to assess separately each of the values 
of a, k, and k,. 

Marey and his associates*!3 have estimated the activation energy, E, of styrene, 
performed by means of observing the course of variation of the specific viscosity, 
having derived for E = 24,000 cal./mol, which gives for the constants the following 
values: a = 10-6, k, = 10-3, k, = 10-5. 

As may be seen from the foregoing analysis, the reaction of the disruption of chains 
can be expressed by the following system of equations: 


Mist = MAM; (= 1, 2,3...) (29) 


Turning now to the system of equations (1), and adding (29) and (1), we come to the 
following relationship : 


dfo2 oo 
dt [S Mj+1 +: > M; | = aM, (30) 


since in the process of summation all the remainder of terms will vanish. The 
bracketed expression represents the total number of the polymeric molecules, both 
activated as well as isomerized, where the excited monomer is regarded as having 
the degree of polymerization equal to unity. The right-hand part of the (30) expresses 
the velocity of activation, as would be expected in conformity with the scheme given 
above, because during the reaction there takes place as many acts of excitation as 
emerging polymeric molecules. Thus, the expression (30) represents the general 
velocity of polymerization. Differentiating the bracketed quantity, or substituting 
M, by the expression 


1 — ch’ [a + ke) J3 
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we arrive at the following formula for the general velocity of polymerization : 


hei 2 (ki + ko) /* t 
(2 (ka + ke) Ee iy 


By assigning to Z its expression according to the equation (25), we are enabled to 
obtain for the general velocity, V,,.., the relationship with a higher degree of 
precision : 





Viotat — 


(31) 





ins Va? + 2a(ki + ko) t 


i‘. J a Va? + 2a (kr + ke) t ie Ja | 
[( Jr): V7 a 


The velocities of the accumulation of activated polymeric molecules, as well as 
those of the isomerized, are obtained by differentiating with respect to time 


> M and > Mya:. 


Performing the differentiation, we arrive at the foliowing expressions : 


2 (ki + ke) a/at 
., -_ 4ae 2 
. 2M = 2 (ki + ke) s/at 2 
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The sum of both these velocities represents the aggregate velocity V,,..)- 

The results thus obtained can be turned to good account in elucidating the inter- 
dependence between the time factor and the specific viscosity, which is of vital 
significance in the study of polymerization kinetics. 

Besides the usual methods, the kinetics of the polymerization may be judged by the 
change of specific viscosity y,, of the polymerizable substance, since this variatior 
is definitely bound up with the increase of the concentration of the polymerization 
products. 

The viscosity law for the mixture of the polymerhomologues, under the conditions 
of a sufficient dilution, may be formulated by: 


© 
Mp, = Kn DCM}, 


where M, denotes the molecular weight of the polymeric molecule of the degree of 


polymerization j, C,— the basic molar concentration of these molecules, k,, — 4 
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constant. The expression for »,, is governed by fulfilling the condition of neglecting 
the viscosimetric action of the monomeric substance, which is permissible, if we take 
into account that degree of dilution, at which the process. should be performed in 
order that the aforesaid viscosity law could be valid. In obtaining C, we have to take 
into consideration not only the stabilized molecules, but also the activated ones, so 
that 

C, = 5M, + M)), (35) 


where N, stands for the Loschmidt number. Since Mj; =jM?, in which M! is the 
molecular weight of the monomer, then 


a) 
=H, 2. GM, + iM). (36) 


Taking into consideration that 


> 7M, = > Mya Gi + 1), 
for the first sum i we will have the seitionig differential equation : 
zd 6+ VMs = G+ 1M (37) 


& , 
For the calculating of = j? Mj it should be noted that the general term of this 
series is of the form 
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Z' @ 
TIP 
fe] §} a 
and since > iB =8 mp 2. iP 
_- Ap-1I) {PZ , B— 4+ 3h B+ 8 B+ 
then 57M; = [e Gat (8 — 1) 2+ Bay — @-—W Tt 
Thus the first part of the equation (37) is brought to the form: 
: © oo oo 
¢ — 9 [Sem; +2 Sim; + Sv; |= 
= * — 26° — +2 2p’ — 3B +3 2p — 38 +3 
~—al[-r "(er+ pi— p+ 28 | 2p — 38 - f° — 38 | 











e-y “+ G-F @-17 
Introducing this expression into (37) and integrating, we have: 
a . (8-1 BZ? 2p = Bi cL. B 
> G+1) M,.1= —a [- bf a ‘ts (B— 1) Z+ 
Pa fom. he ct Sam =i) See =a) alam 
(8 — 1) (8 — |)’ (8 — 1) 
Let us now arrange the expression for the evaluation of the specific viscosity »,, 


od ee poe ee ee OE skelter et) 
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which with a zero approximation yields: 
= Via (AFR) tao + ed 2]. 68) 
Ni — ij a 


Hence we see that the time a of »,,, just as that of a follows the law of 
the hyperbolic tangent. 
































Discussion of Results 

The calculations and the graphical representation of the results obtained by Marey*!' 
and his collaborators are in complete agreement with the theory and the experimerts 
of Staudinger. In contradistinction to Schulz, who has worked out the function of 
distribution confined to final product, these investigators were able to derive the distri- 
bution function of the polymer fraction. during the entire process of the polymerization. 

The new and the most essential aspect of Staudinger’s work is preeisely the non- 
variability in the content of polymer (of the character of the distribution function) 
throughout the time of the polymerization reaction. For this reason Marey and his 
associates deemed it desirable to devote their efforts to the studying of the variation 
of the distribution function in the course of the process itself. The results obtained by 
the above workers, expressed in the formulas (15), (32), (35) and (38), and in 
Figs. 1 to 5, illustrate the progress of the reaction and corroborates the correctness 
of the modern fundamental concepts concerning the polymerization. 


0 ’ 
Mj 














0 500 500 700 900 j J 
Fig. 1.—The distribution curves for the Fig. 2.—The curve diagram showing the 
number of molecules according to degrees dependence of the quantity of substance 
of the polymerization at the various upon the degree of the polymerization at 
moments of time. The values of the various intervals of time. The values of 
degrees of the polymerization are plotted the degrees of the polymerization (j) are 
along the axis of abscissz, and the quantity laid off as abscisse, and the values jMj 
of the polymeric particles formed—against representing the amounts proportional to 
the ordinates (in accordance with the the weight content of polymers are 
equation (15)). The curves 2,1 refer to plotted as ordinates. The curves refer to 
the time t = 5.104 seconds, and t = o, the time, t = 105 seconds, t = 106 seconds, 


‘ respectively. and t = o, respectively. 


The results arrived at by these investigators may be summarized _ thus: 
A.—The initial process of the polymerization reaction should be regarded as the 
activation of monomeric molecules. At the initial time interval the probability of 
the activation or the velocity of the activation reaction is of the utmost significance. 
Subsequentiy, in measure of the expenditure of the monomer, the velocity of the 
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at 
: Fig. 3.—The plot showing the 
interdependence between 
the velocity of reaction of 
activation and thetime. The 
values at the axis of abscisse 
indicate the time of poly- 
merization (in terms of con- 
ditional units), and the 
ordinate values represent the 
velocity of activation re- 
action in conformity with 
equation (31). 


0 05 10 15 20 25 30 YW 4B 45 Shit 


U 
09 Isp 


05 


03 


02 
04 





0 OF 10 15 20 25 30 35 40t 4 1 14 15¢ 


Fig. 4.—The relationship between the 
velocity of reaction of the breaking of 
chains and the time. The values plotted 
as abscisse indicate (in conditional units) 
the time of polymerization, those of 
ordinates give the velocity of reaction 
of the chain disruption conformal to 
equation (34). 


Fig. 5.—The dependence between the 

specific viscosity of the polymerizable 

substance and the time Ciceediig to 

equation (38)). The values along the axis 

of abscisse give the time of polymeri- 

zation, and those of ordinates—indicate 
the specific viscosity, nsp. 








activation continually decreases, asymptotically tending to zero, as illustrated in 
Fig. 3. 

B.—The velocity of the reaction of the disruption of chains has the minimum values 
at the start and at the end of the processes, passing through the maximum at a certain 
moment of time, as may be seen in Fig. 4. At the termination of the process the 
quantity of the monomer is, almost compietely used up whilst the breaking of chains 
is taking place in the monomer. Hence it is clear that the probability of the chain 
disruption at a definite stage of the polymerization attains the maximum value. 

C.—As may be observed from Fig. 2, the character of the distribution remains, 
in fact, unchanged ‘throughout the time of the polymerization reaction. In other 
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words, the relationship between separate polymeric fractions of the various chain 
lengths remains one and the same at all stages of polymerization (at given operation 
conditions). 

The polymeric content of the product is one and the same from the very start 
of the polymerization right up to its termination. This follows from the fact that, as 
the polymerization progresses, there changes only the amount of the polymeric fraction 
(the area bounded by the curves and the axis of abscisse), while the curves them 
selves retain similarity to one another, and at all stages of the polymerization the 
maxima of polymeric quantities by weight correspond to one and the same most 
probable degree of polymerization (the maxima conform to one and the same value 
of j), in the given case j = 500, i.e., to the molecular weight of about 50,000. 

D.—The distribution function depicted in Fig. 1 shows that the maximum amount 
of the molecules at all stages of the polymerization is proportional to the dimer; 
the smaller the quantity of polymeric molecules, the higher the molecular weight. 
However, the interdependence between the quantities by weight displays the inverse 
ratio. For a given degree of polymerization, the value by weight is obtained by the 
product of the particles and the degree of their polymerization, Therefore, although 
the number of particles of high molecular fractions is not large, on account of their 
greater molecular weight, there is a correspondingly larger weight percentage; the 
nature of representative curves is illustrated in Fig. 2. The steep drop of the distribu- 
tion curve on both sides of the maximum thus preconditions a relatively greater 
uniformity of the polymerization product. 

(To be continued) 
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EXHIBITION OF PRACTICAL PLANNING 


At a recent exhibition 
at The Institution of 
Civil Engineers, a 
Plastics Section was 
included. The photo- 
graph shows an inter- 
esting collection of 
finished plastic struc- 
; tures, including trans- 
Cutting parent forms, extruded 
: tubes in both thermo- 
setting and thermo- 
plastic resins, draining 
board, etc. 
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Accessory after the fact 


borer Balzac designed his house, with artistic eccentricity he 
made no provision for the staircase. It had to be built 
on outside. 

Simmonds AEROCESSORIES are not accessories after the 
fact. Whether they lengthen the life of a power unit, as in the case 
of the Fram Oil and Engine Cleaner, or whether, like the Simmonds 
Nut or the Spire Nut, they save time, materials and labour, they 
are designed to be an integral part of the whole. 

Designed after a specialised diagnosis of a given problem, 
Simmonds products anticipate the needs of the planner. They 
are AEROCESSORIES before the fact. 


SIMMONDS 


In high service to 
AERONAUTICAL, INDUSTRIAL & MARINE 
Construction 


THE SIMMONDS NUT - PINNACLE NUT - SPIRE NUT 
SIMMONDS INSTRUMENTS, CONTROLS & ELECTRONIC PRODUCTS 
FRAM OIL & ENGINE CLEANER 


SIMMONDS AEROCESSORIES LTD. 
GREAT WEST ROAD, LONDON 


A COMPANY OF THE SIMMONDS GROUP 
LONDON MELBOURNE MONTREAL PARIS NBW YORK 
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IM A PUTTER-ON of ALD. 
and other marks 


I'm any hand in your factory 
with no special skill or training. 
I can put brilliant Trapinex Paint 
Transfers (patented) on plastics, 
metal or other difficult materials in a frac- 
tion of the time normally required for 
A.1.D. marks, instruction panels, scales, 
serial numbers, trade marks, etc. 

Used in vast quantities by Ministry of 
Supply, Air Ministry Contractors, 
engineering and electrical and other 
manufacturers. Prompt delivery. 


TRAPINEX 


PAINT TRANSFERS 
Regd. 
TRAPINEX LTD. 


2, Commerce Works, 43, Commerce Road, London, N.22 
Bowes Park 2689 aS 


Specimens and quotations 
gladly sent without obli- 
gation on receipt of your 
oe ioe 
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YOU wave scrap 
WE want tr 


LLOYD’S PAY UP TO 
4/- PER LB. FOR 
ACETATE AND NITRATE 
OFF-CUTS AND SCRAP 
WANTED FOR WORK OF 
NATIONAL IMPORTANCE 


SEND SAMPLES AND QUANTITIES 
WE CAN ARRANGE COLLECTION 


LLOYD'S (Cert: P-L), 72, » Bridge St. St., 


Christchurch - 














ADHESIVES 
FOR PLASTICS » WOOD ; LEATHER - 
PAPER . TEXTILES - WOOL - FELT 
EMULSIONS 


BONDING PLYWOOD -: LEATHER 
TEXTILES - PAPER » WATERPROOFING 
AND FINISHING 


FLEXIBLE LACQUERS 


CID + OIL + PETROL + ALKALI RE- 
SISTANT » PROTECTIVE COATINGS - 
WATERPROOFING 


THERMOPLASTICS 


SHEETS > DOUGHS 
MOULDINGS 


FLEXIBLE 


WE INVITE YOUR ENQUIRIES 
AND PROBLEMS 


VINYL 
PRODUCTS Lrtp. 


BUTTER HILL, CARSHALTON, SURREY 
Telephone: WALLINGTON 5333 














SON 


FOR BAKELITE 


Acetate and other Synthetic 
Mouldings. Modern Plant 
and Facilities 


APPLIANCE C°Lt? 
WOOLFOLD, BURY, LANG, 


Telephone: Bury 1560-1 Telegrams : *Bysonite, Bury.” 

















"— MOULDS, DIES, JIGS, 
& GAUGES FOR ANY 
PLASTIC PROBLEM 










214/222, Cardigan Road, LEEDS, 
Telephone: LEEDS 52033 
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SYNTHETIC RESIN PAPERS 


FOR LAMINATION OR TUBE WINDING 
IN ALL SUBSTANCES 





HENRY & LEIGH SLATER 


BRANCH OF 
THE ASSOCIATED PAPER MILLS LTD. 


BOLLINGTON, NEAR MACCLESFIELD 








RESTRIC TORS 


to the specific re- . 
quirements of our 
customers 


Makers Edi types of 
repetition jucts 
from the Pree all 


and REPETITION LTO. 
aleu-Birmingham. 


PLASTICS 
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COLDWr) 


“2. SONS L LT. ll 


DIESINKERS, Wezsn 
MOULD oo gag oF ~ Ni 
89-91, Rockin pee 


SHEFFIELD: 
TELEPHONE: SHEFFIELD 24047 
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WANTED—ELECTRIC MOTORS, 
GENERATORS and ALTERNATORS of 
any size and voltage. Machines that require 
slight overhauling would be entertained. 
Also Switchgear, Panels, Steam and Diesel 
Generating Sets, ete. GEORGE COHEN, 
SONS & CO., LTD., WOOD LANE, 
LONDON, W.12, and Stanningley, nr. Leeds 








MIcoFLEX - DURATUBE 


SLEEVINGS ano TUBINGS 


P.V.C, EXTRUDED IN CONTINUOUS LENGTHS 
FOR ELECTRICAL AND OTHER PURPOSES 


ol Ol@Keven-or 
factured by DURATUBE & WIRE LT? FELTHAM, Mddsx 


rom °) 

THE MICANITE & 
COMPANY 

WALTHAMSTOW 


INSULATORS 
LIMITED 
LONDON, €.17 











—___———— SITUATIONS VACANT ——-—— 
A FIRM OF MOULDERS is open to offer to suitable applicants 
positions with good prospects for development and research 
work. Please apply, stating previous experience, etc., to Box 
No. 6656, c/o ‘‘ PLASTICS. 79/2287 
CONFIDENTIAL PRIVATE SECRETARY /SHORTHAND TYPIST 
(full time) required by managing director of company manufac- 
turing plastics. Office in Landon. Must be exempt from call-up. 
Send particulars of experience, salary, etc., to Box No. 6658, 
c/o ** PLASTICS.” 78/2 
FACTORY IN NORTH WEST requires assistant chemist with 
experience in the plastics industry. Write, stating age, qualifi- 
cations and salary required to Box No. 6657, c/o ‘‘ PLASTICS..,’ 

78/3 

PROGRESSIVE PLASTICS FIRM requires the services of a well- 

educated man for research and development work. Good pros- 

pects for the right man. Please apply, stating full particulars, 
TICS. 


to Box No. 6655, c/o ‘‘ PLAS 79/2286 
THERMOPLASTICS. Commercial Manager wanted to take con- 
trol of new department buying and dealing in plastics. 
write fully to Box No. 6232, c/o **‘ PLASTICS.” 


Please 
78/2078 





REDUCE NOISE ~— 
INCREASE OUTPUT 


Equip your workers with the 
appliance tested and proved by more 


: than 25 years’ successful service :— 
the 


MALLOCK-ARMSTRONG 
EAR DEFENDER 


39, Victoria St., London, 8.W.1. Phone: ABBey 7//3 











‘WANTED 
URGENTLY REQUIRED, small injection patting matin, 
1-2 oz. capacity. Box No. 6659, c/o ‘‘ PLASTICS 

SITUATIONS WANTED ——————— 


ENERGETIC WORKS E VE, experienced control lami- 
nated plastics production, works office, etc., seeks a 
situation London area. Box No. 6622, c/o “PLASTICS 


78/x3801 
LAMINATED MATERIALS. Advertiser,.14 yrs. exp. materials, 
processing, plant, testing and research, desires permanent pro- 
gressive post with scope for research and new developments. 
Particulars to Box No. 6554, c/o ‘‘ PLASTICS.” 80/x3643 


-———————- MISCELLANEOUS 


ACETATE AND NITRATE OFF-CUTS and scrap sheets, also 
flakes, available for work of National Importance. LLOYDS, 
72, Bridge Street, Christchurch. 222/65 


A FIRM OF MOULDERS with works in London and North of 
England wish to contact an established firm of fabricators and 
manipulators, with a view to taking a financial interest or 
buying outright. Offers will be treated in strict confidence. 
Replies to Box No. 6654, c/o ‘‘ PLASTICS,” 80/2288 


DOHM LTD. can reduce thermoplastics to finest powders. We 
are pioneers in this work and our ee station isat your 
service, 167, Victoria Street, 8.W.1 87/2066 
FACTORY TIME RECORDERS. Service rental. Phone, 
Vigilant 4731. IME RECORDER, SUPPLY & MAIN- 
TENANCE CO., 28, Mayfield Rd., Sutton, Surrey. zzz/41 


GENTLEMAN WANTS TO INVEST about £10,000 in a going 
concern, Please write Box No. 6061, c/o ‘‘ PLASTICS.” 

80/1965 
MONOMARK. Permanent confidential London address, Letters 
redirected. 5/-p.a. Write BM/MONO76, W.C.1. 80/1964 


PULVERISING AND GRINDING UNDERTAKEN for the trade, 
advice given and research undertaken at our experimenta} 
stations, DOMEWOOD, LTD., 167, Victoria St., 8.W.1. = 


PUMPS, ALL TYPES. Power driven from 1” to 22”; hand 
operated from 3” to 4”. Also 4” to 6” 

sets; blowers and fans; tubular steei barrows and warehouse 
trucks; sack trucks; water barrows; ladders; bushman saws, 
etc., and many other items essential to industrial needs. Write 
for ‘iustrated Catalogue X200. FARROW & SONS, LTD., 
Spalding. 49/2077 
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Eliminates 


TERMINALS 


PIPELINES 


CABLES 


Lassolastic Tape provides thin filmic self- 
adhesive.markers with designations coloured 
and spaced at regular intervals according to © 
requirements. They offer no undesirable | 
thickening or interference with flexibility at ~ 
point of contact. They can be affixed" . 
without disconnection of ends. “ 
Lassolastic is resistant to heat, water, oil and 
solvent, no tools required for application. 
Inscriptions cannot be erased and remain 
always legible. 


HERTS PHARMACEUTICALS LTD., WELWYN GARDEN CITY, HERTS 











